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Executive Summary

Part of the mission of the Minerals Management Service (MMS) of the US Department of the Interior
(DQI) is to "manage the mineral resources of the Outer Continental Shelf in an environmentally sound
and safe manner”. This includes the oil platform decommissioning practices in the Gulf of Mexico.
While different methods can be used for this task, Explosve Removal of Offshore Structures (EROS)
present some cost advantages on shallow water removals. However, a number of alternative removal
technologies exist and are used regularly. EROS is aso frequently used in deep water where there are
significant risks to divers while ingpecting the results of remova operations. The current maximum
explosive weight authorized by MMS for explosive structure remova is 50 pounds, which is dso the
upper limit of charge covered by a generic Endangered Species Act (ESA) consultation. A limit value of
5 pounds was determined to be a a "de minimus' level set by another ESA consultation. The blast
characteristics of explosive charges and their impact on wildlife have not been completely assessed. Data
on current weight limits have been obtained through modeing and extrgpolation, hence the MMS
expressed a need to obtain data from actua tests, which could later be used to confirm and vaidate the
weight characteristics.

SNC TEC Corporation team was awarded a contract in the fal of 2001 to develop an explosive
charge system that would require less explosive to sever offshore structures through the use of an
engineered charge and to obtain data to evauate its impact on marine life. The aim for the engineered
explosive charge total system weight was to be below 10 pounds and, if possible, below 5 pounds. The

project team was led by SNC TEC. The team was comprised of Explosive Service Internationa (ESI),
Defence Research and Development Canada Suffield (DRDC Suffield) and Sonalysts. The team

members were involved in different tasks related to charge development and its set-up on the ESI
developed ScorpionO delivery system as well as the different aspects of testing, including blast
measurements during final testsin the Gulf of Mexico.

Following simulation studies, a charge system based on linear-shaped charges was developed to
severe oil plafform piles of 30" and 48" diameters with wall thickness less than 1.5 inches. The
ScorpionO  system was used to hold the charges and position them in the piles. Total explosive charge
weights of 4.05 and 6.58 pounds were obtained for the 30" and 48" diameter pipes respectively. In the
preliminary tests conducted on submerged pipes in a quarry lake, the ScorpionO system worked well and
the charges successfully severed the two different pile diameters of interest. In the tests against actual
structures in the Gulf of Mexico, only 30" piles were available for cutting. It is bedieved that the
Scorpion® system did not deploy properly leading to improper arrangement of the device in the pile
resulting in a reduction of the charges effectiveness and incomplete severing. Additional work would be
required in order to solve the problem with the system deployment.

The genera conclusions of this study are that the values of peak overpressure, impulse and energy
flux density obtained from both the engineered and the bulk charges generaly follow the accepted
exponential shape when presented as a function of the distance from the blast charge divided by the cube
root of the charge weight. These values are dso closer to those computed with the Connor similitude
equation than those obtained with the ARA model which can be expected based on the method used to
obtain the equations and the conservative assumptions used to develop the ARA modd. The limit values
of 12 psi for the peak overpressure and 182 dB (re 1 pPa’-sec) for the energy flux density are obtained at
half the distance for the 4.05 pounds engineered charge than for the 50 pounds bulk charge. Additiona
experiments should be performed to confirm more precisaly the results obtained.
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Abstract

The SNC TEC Corporation team conducted a research program related to the Explosive Removal of
Offshore Structures (EROS) and its impact on marine life. This work was performed for a contract
awarded by Mineras Management Service (MMY) in the fall of 2001. The mgor goa of the program
was to develop an engineered explosive charge system that would contain less explosive than the standard
50-pound bulk charge to undertake the removal of offshore structures. The targeted total weight of the
explosive of the new charge was to be below 10 pounds and, if possible, below 5 pounds. Blast
measurements to provide data to compare effects on the environment were a so taken during the program.

The ScorpionO system developed by Explosives Systems Internationa (ESI) was chosen as the
system to hold the charges and place them inside the pipes to be severed. The development of the
engineered charges was based on the advantages of the diaped charge. Numerica modeling and
experimental vaidation were performed on different types of linear-shaped charges. The computer
simulation results were used to obtain the optimal dimensions for the linear shaped charge design to be
used. These dimensions were found to be close to those of a commercia charge manufactured by
Accurate Energetics. A sturdy waterproof casing was designed to hold the complete charge system to
ensure adequate functioning and fit on the ScorpionO . These charges were designed and manufactured
for the removd of 30" and 48" diameter piles. Although the design of charges for the remova of 24"
piles has been completed, they were not manufactured.

Testing of the design, first at Defence Research and Development Canada (DRD C) Suffield and then
at the ES| test range, led to the find development of the charge design containing total explosive charge
weights of 4.05 and 6.58 pounds for the 30" and 48" diameter pipes respectively. Tests were then
conducted on submerged pipes n a quarry lake to demonstrate the ability of the engineered charges
mounted on the ScorpionO to sever both diameters of pipes and to test the blast measurement array.
Good results from al the preliminary tests was followed by vdidation testing of the system in the Gulf of
Mexico against actua structures made of 30" piles. The results showed incomplete severing of the pipes
with about two thirds of the pipe circumference uncut. Evidence indicates that an imperfect deployment
of the Scorpion® may be the cause. Additional work will be required to solve the problem with the
deployment system.

Measured peak blast overpressure values obtained using the experimentally recorded pressure curves
from two 50 pounds bulk charge and the engineered charge were studied along with the impulse and the
energy flux density computed from those pressure curves. This data was reviewed as a function of the
distance from the charge divided by the cube root of the charge weight. While general tendency of the
data for both types of charge was to follow the generdly accepted exponentiad shape of similitude
equations, this data was relatively scattered, as indicated by regression coefficients (R?) between 0.40 and
0.90. The measured data did not also aways follow the expected pressure reduction with the distance
from the blast point. For both types of charges, the measured data is closer to the computed data from
Connor study similitude equations compared to the Advanced Research Associates (ARA) model
particuarly for impulse and energy flux density. This can be expected since the ARA mode was
developed from theoretical conservative assumptions while the Connor similitude equations were derived
from experimental data. The peak overpressure data of the engineered charge were generally lower than
the bulk charge data. The computed distance to obtain the 12 psi peak blast overpressure and 182 dB (re
1 pPa’-sec) energy flux density with the engineered charge is about half that obtained with the bulk
charge. This corresponds closdly to the ratio of 2.31 for the cube root of the bulk charge weight and
engineering charge weight.
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Preface

The background documents presented here are a collection of technicd data, drawings,
reports and minute meeting which have been emitted in the redization of the contract related to
the explosve removds of offshore structures (EROS) and its impact on marine life snce the fdl
of 2001 to the winter of 2003-2004. most of these documents were dready tranamitted to
Minerds Management Sarvice (MMS) dong with the monthly reports.

These background documents are complementary to the find report. They are not essentid to
the reading of the main report but could hep to make some details more dear in furnishing some
basic ddtalls.
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OIL PLATFORM REMOVAL USING ENGINEERED CHARGES
TASK 4: EXPERIMENTAL FIRINGSAT DRDC-SUFFIELD
SUMMARY REPORT

John Fowler
16 March 2003

Introduction

Testing of selected linear and curved commercial shaped charges against pile material occurred as planned at
DRDC-Suffield March 36, 2003. The following report summarizes these experimental trials and the results. A
summary of the trial series is given in Table 1, 2 and 3 provided below. The initial test plan for this week and a
summary in table form of the planned trials is provided as Appendix A. While testing was ongoing Martek Inc
performed a series of simulations to demonstrate the water jetting phenomena which results from an annular
detonation bubble collapse, some of thiswork is provided as Appendix B.

Over the course of testing shaped charge liners packed with RDX and Comp -B were eval uated against water-backed
1.5” thick steel to determine their performance. Linear charges were tested both in air and inside steel casings
designed to be sealed and allow the charges to be submerged. Problems with the initiation system were encountered
and several small tests were performed to support the trial series. Having successfully initiated a linear charge in a
casing a curved version was tested and three of these charges were then fired against a 48 inch diameter section of
1.5 inch thick pile material. Time constraints pushed an identical trial using Comp-B charges into the following
week.

Table 1: Trid Summary - Initial testing of linear charges with no casings.

Test# | Trial Explosive Charge | Casing | Standoff | Target Details
Date
1 3Mar RDX Straight | None | 1.25inch | Steel Plate | Water-backing of steel plate to
(0¢] 12inch 1.5inch obtain proper spall behaviour.
2 3Mar RDX Straight | None | 1.25inch | Steel Plate | Water saturated sand backing.
(0¢] 12inch 1.5inch

Table 2: Tria Summary - Testing of initiation concepts through steel casing.

Test# | Trial Acceptor Donor Casing | Witness Detonation | Details
Date Explosve Explosve

3 3 Mar 5/8” Disk | ¥ CAwdl 116" vie’ No
® 3/8" Deep

4 3 Mar 5/8" Disk CAwdl + 116" vie’ Yes
(0¢] 5/8" Disk

5 3 Mar N/A CAwel + 116" N/A Yes
(0} 5/8" Disk

6 4 Mar 5/8" Disk CAwel + 116" 116’ No Detonator side mounted.
® 5/8" Disk

7 4 Mar 5/8" Disk Detaprime 116’ 116 Yes Detonator side mounted.
(08 + 5/8" Disk Detaprime (5g)

(5/8” Disk refersto a’5/8” disk of 1/8” thick Detasheet.)
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Table 3: Trid Summary-Evaluation of commercial shaped charges

Test# | Trial Explosve Charge | Casing | Standoff | Target Details
Date

8 4 Mar RDX Straight | None 125 Steel Plate | Water-backing of steel plate.
(0¢] 12inch inch 1.5inch

9 4 Mar RDX Straight | Straight 125 Steel Plate | Charge sealed within the
(0¢] 12inch | 12inch inch 1.5inch submerged casing.

10 4 Mar RDX Straight | None 125 Steel Plate | Water-backed plate with dual
(0¢] 12inch inch 1.5inch initiation on charge.

11 5Mar RDX Straight | Straight 125 Steel Plate | Charge sealed within the
(0¢] 12inch | 12inch inch 1.5inch submerged casing.

12 5Mar RDX Curved | Curved 125 48" Pile | Air-backed plate with chargein
(0¢] 14inch | 14inch inch 1.5" Thick | casingto confirminitiation.

13 6 Mar RDX Curved | Curved 125 48" Pile | Threechargessealed inside cases
(0¢] 14inch | 14inch inch 1.5” Thick | and submerged.

14 6 Mar Comp B Curved | Curved 125 48" Pile | Air-backed plate with chargein
(0¢] 14inch | 14inch inch 1.5” Thick | casingto confirminitiation.

15 13 Mar CompB Curved | Curved 125 48" Pile | Threechargessealed inside cases
(0¢] 14inch | 14inch inch 1.5" Thick | and submerged.

Bxperimental Setup and Results

The trials have been summarized below in the order they were performed. The details of the charge preparation,
trial set-up and results for each of thetrialsis provided.

Trial 1

A twelve-inch linear charge was fired against a water-backed one and a half inch mild steel plate. The primadet zero

delay MS detonator was mounted vertically. The detonator was used to initiate a ¥2" diameter well of C4 explosive
3/8" deep that was in contact with the shaped charge case.
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Thistrial resulted in the partial penetration of the target plate. The point initiation of the shaped charge resulted in a
lower penetration below the detonator.

Trial 2

A twelve-inch linear charge was fired against a water saturated sand backed one and a half inch mild steel plate
using an identical initiation system to that of thefirst trial.

i -

As seen in the first trial penetration of the plate did not occur under the detonator. The width of penetration is
greater than it appears in the photo due to problems in sectioning the plate. The true performance is similar to that

noted in the first trial.

Thislower penetration under the detonator has been noted in previous testing with single point initiation systems.

Trial 3

Testing prior to this trial series indicated that there may be problems with initiating the shaped charge through the
sealed steel casing. Tests were performed using 1/8” and 1/16” steel plates with a donor charge above the plate and
an acceptor charge below the plate. This was then placed in contact with a steel witness plate. In the event of a
detonation a hole the size of the acceptor charge would be created in the witness plate. |If the system failed to
detonate the plate would simply bend as aresult of the blast from the detonator and the donor system.

Initially the detonator was placed in a well of C4 (3/8" deep and 5/8” in diameter). A layer of C4, 1/8" thick,
located by a particle board form could not be detonated below a 1/8” or 1/16” plate. Thistrial was then repeated
with a 5 gram detaprime around the detonator and a 3/8” disk of C4 1/8” thick as the donor charge. The system
again failed to detonate the C4 below the 1/16" plate representing the charge casing.
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For trial 3 the primadet detonator was placed in a %" diameter well of C4 3/8” deep. This donor charge was place
ontop of a1/16" steel sheet with a5/8” disk of 1/8” detasheet below. The detasheet disk was secured in place using
apiece of particle board with a holesized to the disk. This acceptor system was then placed on a steel witness plate.

The witness plate indicated that the acceptor charge did not detonate.

Trial 4

The previous trial was repeated with a 5/8” diameter disk of 1/8” detasheet below the C4 well as the donor charge.
The acceptor charge was identical to the previoustrial.

Thisresulted in detonation of the acceptor charge.
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Trid 5

Concerns were raised with respect to the donor charge, was the charge detonating or transitioning to detonation. A
trial was conducted with just the donor system and awitness plate.

While the metal disk punched out of the witness plate was not recovered, the damage seen on the witness plate and
the hole in the plywood shown to the right of the plate indicated that it had been formed.

Trial 6

The steel tube casing designed by SNC was made such that the detonator would be mounted horizontally along the
top of the case. Thisinitiation concept was tested to ensure the detonation would propagate through the case. The

detonator was placed in awell of C4 and positioned on top of a5/8” diameter disk of 1/8” detasheet.

Theresultsindicated that the detasheet acceptor charge below a 1/16” plate was not initiated.
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Trid 7

The side initiation concept was repeated with a five gram detaprime on top of a 5/8” disk of 1/8" detasheet. This
donor charge was placed on top of a 1/16” steel plate with a similar detasheet disk below, located by the particle
board as shown in the figure below. Thiswas then placed on a1/16” steel witness plate to determine if the acceptor
charge had detonated.

The figure below indicates that the acceptor charge did in fact detonate.

TR TN T ¥

The steel plate at the bottom right was that used to model the steel casing, aboveit isthe steel witness plate. To the
right is the plywood base with a hole created by the recovered steel disk shown.
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Trial 8

Based on the results of trial one and two, options for increasing the cutting performance under the initiation point
were discussed. The concept of adding a 1.5 inch by two inch layer of 1/8” detasheet below the 5 gram detaprime

was considered and tested.

o

sl

-

—— B

Theresults are provided below.

While the additional explosive was sufficient to result in the plate fracturing the depth of penetration was not
significantly different from that of thefirst trial.
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Trial 9

A twelve inch linear RDX charge was then sealed insidea steel casing. The acceptor charge consisted of a5/8” disk
of 1/8" detasheet with C4 packed below it to make contact with the shaped charge. The donor charge used a

primadet detonator with a five gram detaprime on top of a 5/8” disk of 1/8” detasheet in contact with the sealed steel
casing.
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Trial 10

Questions have been raised during the course of this work regarding the benefit of multipleinitiation. To determine
the benefit afforded by colliding detonation and blast waves on the performance of alinear shaped charge a dual

initiated system was tested. Two RP-83 detonators were used for timing purposes. These detonators initiated a’5/8”
disk of 1/8” detasheet placed on either end of the shaped charge.

[ - L

The plate was water-backed to limit the spall and obtain a better estimation of the cutting potential.

As expected from previous testing the shock collision effect is localized at the center of the cut. While there is a
continuous penetration the total length of the cut is significantly shorter than the other trials done here due to the run
up required on either end of the charge.
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Trial 11

Based on the previous trials a substantial initiation system was devel oped to ensure detonation of the shaped charge.
Two 1.5 inch by 2 inch layers of 1/8”" detasheet were placed on top of two wedges of C4 that made contact with the
RDX linear shaped charge.

This acceptor charge was secured with tape and placed within the steel casing. The shaped charge and initiation
system were pushed into the top of the steel casing using a spring system.
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The casing was then sealed with gasket material. The booster charge on top of the steel casing consisted of two 1.5
inch by 2 inch layers of 1/8” Detasheet taped to the case and a5 gram detaprime.

The charge was then placed on the 1.5 inch target plate and submerged for thetrial.

g » e, S S = e
. .

This system did initiate the charge but poorly. The cut suggests that detonation occurred on only one side of the
system. Thisresulted in no jet being formed below the initiation system.

The detonation wave does run-up and balance itself quickly and the plate was penetrated away from the initiation
system.

While not on the same plane a cut of similar dimensions occurs on both sides of the initiation system.

Final report Backgrounds MMS

15



OIL PLATFORM REMOVAL USING ENGINEERED EXPLOSIVE CHARGES:
IN SITU COMPARISON OF ENGINEERED AND BULK EXPLOSIVE CHARGES
Background Documents

Trial 12

Having initiated the linear charge the same system was built and tested for a curved RDX shaped charge. During
preparation of the charge extra care was taken to ensure atight fit between the charge and the casing.

The trial was performed on an air-backed section of pile material. The system successfully detonated the shaped
charge and cut the plate.

Trial 13

Having successfully initiated the curved charge three of these systems were built to fired against the 48 inch
diameter section of pile material. The charges were first wrapped with tap to ensure atight fit in the charge casing.
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The acceptor charge of C4 and data sheet was then added at the center of the charge.

The charge was then slid into the curved steel casing.

The endcaps are shown in this figure. The cap with the protane blocks was installed first with the base of the charge
resting on the blocks to establish the proper standoff. The wooden block was then used to wedge the chargein place
and ensure good contact of the acceptor charge with the top of the steel casing.

Having dry fit the components the gasket material was then added to the endcaps and they were screwed securely
into place sealing the internal cavity. Four curved Comp-B charges were also completed at this time in the same

manner.

The three RDX charges were placed inside the pile. The ends of the charges were positioned such that at one
interface there was a 1.5 inch overlap while at the other the charged were flush with each other and offset by the
width of the charge casing.

Final report Backgrounds MMS
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The pile was positioned in a 6.5 foot diameter steel tube that was lined with polyethylene sheet. The inside and
outside of the pile were then filled with water. There was 24 inches of head on the mid-plane of the charges for the
trial. Thisresults are shown below;
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All three charges successfully detonated. The charges that were flush and offset by the charge case width resulted in
a significant brittle fracture of the pile at the interface. It was noted that most of the pile shots using the
SCORPION™ system showed a similar characteristic fracture pattern. The outside charge in this case did not
fracture through to perforate the pile under the detonator. This may have been aresult of interaction with the crack
running to the bottom of the pile. This could also result from interaction of the charges if they were initiated at

dlightly different times.

The crack had propagated between the two offset cutsjoining the cutting planes.

The overlapped charges did perforate the plate and a crack propagated between the two cutting planes. The outer
charge appeared to stop cutting prior to the end of the charge as this cut appears shorter than the shaped charge.

Thiswill be confirmed when the plate i s sectioned.
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Trial 14

A Comp-B curved charge in a case with an identical initiation system was fired in air to confirm the initiation
system was adequate.

The charge initiated and split the section of pile material. The brittle fracture that severed the plate had copper on
the fracture surface suggesting that the charge was still cutting when it was disrupted by the fracture.

aF T

Trial 15

Trial 13 was repeated using Composition-B rather than RDX filled charges. The charges had approximately 25
inches of head for the shot.
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All of the charges successfully initiated but they only partially penetrated the pile wall. The penetration was lower
than that of the RDX charges and there was n o cracking between the cutting planes.

Perforation did not occur under the initiation systems.

In the figure above the left and the central charges are shown perforating the pile away from the detonator. The
charge on the right perforated a smaller length than the other two charges.

Conclusions
The following conclusions are drawn from thistrial series;

Shaped charge penetration is not significantly affected when saturated sand is used rather than water to back the
target.

Penetration is reduced below theinitiation system.

A detasheet based initiation system proved the most successful. The importance of ensuring contact of the acceptor
and donor system with the case was evident from the testing.

Dual initiation increases the penetration in a localized area where the detonation waves interact. This increase
comes with the cost of reduced overall penetration as the charge runs-up from two points.

Cracking o the pile as a result of shock or blast interaction improved overall performance for the RDX charges.
This characteristic fracture pattern has been noted on many previous shots by ESI.

The RDX charges outperformed the Comp-B charges, perforating the pile and resulting in additional blast related
damage.
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APPENDIX A
Initial Trial Plan
Test#  Explosve Charge | Casing | Standoff | Target Details
1 RDX Straight | None | 1.25inch | Steel Plate | Water-backing to obtain proper
12inch 1.5inch | spall behaviour.
2 RDX Straight | None | 1.25inch | Steel Plate | Water-backing to obtain proper
12inch 1.5inch | spall behaviour.
3 RDX Straight | Straight | 1.25inch | Steel Plate | Charge sealed within the
12inch | 12inch 1.5inch | submerged casing.
4 RDX Straight | Straight | 1.25inch | Steel Plate | Charge sealed within the
12inch | 12inch 1.5inch | submerged casing.
5 RDX Curved | Curved | 1.25inch 48’ Pile | Three charges sealed inside cases
14inch | 14inch 1.5" Thick | and submerged.
6 CompB Curved | Curved | 1.25inch 48" Pile | Three charges sealed inside cases
14inch | 14inch 15" Thick [ and submerged.

<Attach SNC MMS Trial Series Test Plan >
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APPENDIX B {SUBJECT TO APPROVAL BY MARTEC}

MARTEC — UNDEX Bubble Collapsefor Ring Cutting Charge
Www.martec.com

Combustion Dynamics Group
Dave Whitehouse and LauraMartin

28 February 2003
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Annex C

March 24" 2003 Minutes of meeting
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‘7 SNC TEC
COMPTE RENDU DE REUNION / MEETING REPORT

TITRE DU PROJET/ | Oil Platform Removal Using Engineered Explosive Charges

PROJECT TITLE:

OBJET / SUBJECT : | Program Review Meeting

Date : 24-03-2003 No. du projet / Project No : | 647-355

Endroit / Location : Videoconference SNC TEC- No. contrat / Contract No. : 1435-0101-CT-31136
Québec/MMS -Herndon & MMS-New
Orleans

PARTICIPANTS (Nom & Compagnie) / ATTENDEES (Name & Company) :

Jim Lane MMS Sharon Buffington MMS Michael Hargrove MMS Arvind Shah MMS
Tommy Broussard MMS William Poe ESI John Fowler DRDC Pierre Pelletier SNC TEC
Suffield
Denis Saint Arnaud SNC
TEC
ABSENTS (Nom & Compagnie) / ABSENTEES (Name & Company):
Sarah Tsoflias MMS | Judy Wilson MMS |
ITEM DISCUSSION ACTION
1 Approval of proposed agenda and participants introduction
- The proposed agenda was accepted; it is presented in Annex A.
- The participants introduced themselves.
2. General overview of the project

Pierre Pelletier presented the goal and the differents tasks of the project.
His presentation can be found in Annex B.

-Some questions and remarks were raised from overview of the project but it was agreed to
discuss them later.

An important point was raised according to the contract. The title given to the option ‘Design
improvement’ which is in reality Task 5 and is already covered in main contract.

The option refers to blast measurements to perform during task 7. This is agreed by everybody
and unless required by MMS, it will mot be changed.
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Review of work done

John Fowler presented the test plan for the tests done at DRDC-Suffield in task 4 and the results
obtained

His presentation can be found in Annex C

His conclusions were:

*Shaped charge penetration is not significantly changed if saturated sand with water is used or water is used to
back the target.

*Penetration is reduced below the initiation system.

*A detasheet based initiation system proved the most successful. The importance of ensuring contact of the
acceptor and donor system with the case was evident from testing.

«Dual initiation increases the penetration in a localized area where the detonation waves interact. This increase
comes with the cost of reduced overall penetration as the charge runs-up from two points.

*The RDX charges outperformed the Comp-B charges, perforating the pile and resulting in additional blast related
damage.

Some Questions and remarks were raised from review of work done;

The tests at DRDC Suffield having been done with water and sand as backing material, it was
asked if clay would have done a difference?

Based on his experience John Fowler indicated that he would expect that no significant difference
should be noted with clay as the backing.

It was asked if the RDX having superior penetration than comp B was a surprise, but it was

answered that this is in accordance with the physical output of both explosives. Comp B is made
of 60% RDX and 40% TNT. TNT is less powerfull than RDX.

The question of overlapping the extremities of the charges was discussed and no clear benefit

could be concluded on overlapping from the test conducted. Subsequent discussion and
comments by participants led to the conclusion that overlapping could reduce the risk of forming a
tab.

Another question was, does the lateral cracks created at the point of meeting of two charges
could have a detrimental effect on the removing of the cutted piles.

It was concluded based on the knowledge of the people present that it shouldn’t have any effect.
In fact, Mr Poe already met this kind of situation and this did not affect his operation.
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Design Review

Pierre Pelletier & Denis Saint Arnaud presented the design review.
Details of this presentation can be found in Annex B

Some Questions and remarks were raised from design review;

When the charge weight was presented Mr. Poe indicated that there is talk of removing the five
(5) pounds limit for not using the ‘turtle watch’. This subject will be discussed in more details later.

Watertightness of the casing was discussed. Even if preliminary tests showed the casings using
the gasket sealing compounds watertight at 15 foot depth, further tests is planned at more
realistic depth ~ 200 foot depth.

Modification of the Scorpion was discussed. The Scorpion design was made simpler with four
moving parts and charge in the deployment system. This scorpion design is usable with the
actual casing-charge system. The modifications to the Scorpion design are not actually protected
(intellectual property) which is why drawing are not included in this presentation.

Future work

Pierre Pelletier & Denis Saint Arnaud presented the future work.
Details of this presentation can be found in Annex B

Some Questions and remarks were raised on this subject:

On Task 5, Mr Poe is looking to perform differents tests at some water depth or representing
differents water depth to complete assurance of watertightness of the casings.

Questions on the wall thickness and diameter of the piles to address were raised. For the work so
far 48 inches diameter pile with 1% inch thick wall was selected. The 48" g, 1%%" wall thickness
piles being consider a large diameter with a thick wall pile, was the reason for this choice.

If change of pile diameter has to be addressed, they should be smaller with thinner wall, which

should insure sufficient performance of the charges. In addition to this discussion it has been
stated that if different target than 48" pile g has to be addressed in task 5 or 7 it should be known

as soon as possible to perform related design work required and fabricate new tooling if required.

The initiation tests to be performed at ESI will be done with already fabricated 45° charges and
casings. Other tests will be performed with 90° charges to be made as part of Task 6.

For Task 6 the planned work was presented in annex B and agreed by everybody.

The size of pile to address which is directly related to the charges fabrication will be discussed in
Task 7.
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For Task 7 it has been discussed that this include some preliminary tests at ESI.
-Piles to section

Size of pile to section was discussed along with the effort require to cut different sizes and it was
concluded that we should focus on 48" piles job.

However if required we may have to go down to 36" pile diameter. It is agreed that if casing and
charges are produced to meet the actual requirements, the cost of manufacture two types of
differents charges will have to be considered.

Some decommissioning program program were mentionned, Mr Poe and Mr Shah will have a Action 1
look at them to selection the most appropriate one.

-Permits

The five pounds limit might be removed. However it appears that the turtle watch could be carried
by MMS people present on board. Mr Broussard will do verification on this point. Action 2

-Sonalysts option

The proposition from Sonalysts along with the MMS preliminary requirements is in Annex B.
Specific disposition of sensors as per MMS requirements hasn'’t been established.

It was mentioned that no sensor below mud line was planned.

Discussion took place regarding preliminary tests before going offshore. Two locations were

indicated as possible places where theses tests could be held. It was concluded interesting to
perform these tests and that they would be performed depending on the cost.

Sonalyst will be contacted regarding the cost of additional testing and the time availability.

In addition it is proposed that Sonalyst representatives should be present in a meeting with

people from MMS and NMFS to discuss the proposed method. The aim being to check if they
agree with the proposed method and insure that the data and measurement are what they are
looking after. Insure that these data and their measure is in accordance with what they require.

A formal budget proposal would be required.
Action 3

Schedule presentation

Everyboby agree that the revised ‘Project Schedule’ is a very aggressive schedule which relys on
perfect sequence of events.

The testing offshore will have to be given a longer period of time.

A modified schedule will be send by SNC TEC. .
Action 4

Adjourn

EFFECTUE PAR / PREPARED BY : DATE
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LISTE DE DISTRIBUTION / DISTRIBUTION LIST:

ATTENDEES:

SARAH TSOFLIAS MMS
CHARLES E. SMITH MMS
JUDY WILSON MMS
MARJORIE FRANCOEUR CCC
JEAN-MARC PIGEON SNC TEC
NATHALIE MAHER SNC TEC
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Actio | Date Emise/ . Responsable/ | Statut/ Date visée/

] Effective Date | D€Scription Responsible Done Requested for
1 2003/03/24 Decommissioning program verification (piles g and thickness) Mr Poe & Shah 2003/03/31
2 2003/03/24 Verification of acceptance of Turtle watch by MMS people Mr Broussard 2003/04/14
3 2003/03/24 Budget proposal for Sonalysts additional tests & meetings Saint Arnaud 2003/04/21
4 2003/03/24 Modified schedule Mr Pelletier 2003/04/21
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ANNEXES
Annex A
Meeting agenda
MONDAY, MARCH,24h, 2003
Video conference SNC TEC(Montreal), MM S(Herndon and New Orleans)
TIME ITEM ACTION SUPPORT
09:.00 Beginning of medting
09:15 General overview of the project
Gods P. Pdldier D. St-Araud
Generd work plan P Pdldier D. StArnaud
0936 Review of work done
- Experimentd testing a DRDC-
Suffield J. Fowler D. StArnaud
- Discusson of results All
1035 Desgnreview
- Initigtion system P. Pelletier W. Poe
- Charge weight and design P. Pdletier W. Poe
- Cading design D. StArnaud W. Poe
- Moxification of Scorpion W. Poe J. Fowler
11:00 Future work (presentation and
discussion)
- Design improvement (Task 5) P. Pelletier W. Poe
- Manufacturing of charges (Task 6) D. St-Arnaud P. Pelletier
- Full scdetedtsin Louisana (Task
7)
0 Pilesto section A. Shah W. Poe
o Permits W. Poe All
0 Sonalysisoption D. StArnaud
11:45 Review schedule and discussons P. Pelletier All
12:00 Adjourn
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Annex B

Program Review Meeting Presentation

This Presentation can be found in the Pdf "Program Review Meeting March 24." document. Because of
the size of the original powerpoint document (6Mo), it was made a separate entity (Pdf doc of 3Mo) from
this meeting report and send independently by e-mail.

Annex C

: , : ial <

This Presentation can be found in the Pdf "JPF_MMS_SNC_TASK4 " document. Because of the size of
the original powerpoint document (13Mo), it was made a separate entity (Pdf doc of 3Mo) from this
meeting report and send independently by e-mail.
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DEFENCE 1 DEFENS

L

xplosive
ervice
s ,nlernuhcnnl Lid

ITEM SUPPORT

Beginning of meeting
Greneral overview of the project
&, Goals P. Pelletier D 5t-Amand
B. General work plan P. Pelletier D 5t-Amand
Review of work done
&, Experimental testing at DEDC-Suffield I. Fowder D 5t-Amand
B. Discussion of results &1
Dlesizn review
&, Initiation systera P. Pelletier W. Poe
B. Charge weightand design P. Pelletier W. Poe
C. Casing design D. St-Amand W. Poe
D Whbdifieation of Scompion W.Poe I. Fowler
Future work (presentation and
dizcussion)
- Design improvernent (Task 5) P. Pelletier W. Poe
- Menufacturing of charzes {Task &) D St-hmaud P. Pelletier
. Full acale tests in Lowisiara (Task 7)
Files 1o section & Shah W. Pog
Pennits W. Poe Al
Sonalists option D. 5tAmand
Rview ac heduls and discussions P. Pelletier Al
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Project Overview - Goals

¢ To demonstrate to the agency in charge of
permitting explosive operations for offshore
structure abandonment that the current
practice of using bulk charges for removals
should be replaced by one using engineered
charges to reduce the environmental impact.

L

Project Overview - Approach

Use of ESI Scorpion™ to position the charge

Goal 18 to design engineered charges and mitiation
methods to fit the Scorpion™ that will reliably defeat the
anticipated targets in the gulf.

Charges weighing less than a certain weight all below the
« Generic Consultation Limit » and require a less rigorous
permitting process

% Aim is less than 10 pounds (If possible less than 5 pounds)

Compare engineered charge and bulk charge
environmental impacts (Option)

i
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Project Overview - Approach

Use of ESI Scorpion™ to position the charge

Goal 18 to design engineered charges and mitiation
methods to fit the Scorpion™ that will reliably defeat the
anticipated targets in the gulf.

Charges weighing less than a certain weight all below the
« Generic Congsultation Limit » and require a less rigorous
permitting process

% Aim is less than 10 pounds (If possible less than 5 pounds)

Compare engineered charge and bulk charge
environmental impacts (Option)

L

Project Overview - Work Plan

% Review of the delivery system (Scorpion)
% Design of optimal charges from past DRDC-S charges, computer
simulations and small scale testing

% Review of commercially available charges

% Design review meeting

% Review of the delivery system (Scorpion)

% Design of system based on past experience, computer simulation
and concept validation tests

% Design completion (preliminary drawings, specifications)

% Design review meeting

i
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Project Overview - Work Plan

% Step 1: Produce the charges hardware using the drawings and
specifications of Tasks 1 and 2

U Step 2: Obtain commercial charges
% Step 2a: Fill the charges
U Step 3: Deliver the charges to DRDC-8

% Step 1: Installation of test set-up

% Step 2: Water proofing testing

% Step 3: Penetration tests

% Step 4: Sectioning tests

U Step 5: Tests against 48" diameter pipes
% Step 6: Report results

DHEFENCE m

L

Project Overview - Work Plan

% Step 1: Design review (Following ISO principles)

% Step 2: Based on tests results of Task 4, do additional simulations
as required to improve the design

% Step 3: Minimal re-testing of modified design

%, Step 4: Final choice of the design for the other tasks

% Step 5: Design completion (drawings, specifications)

& Step 1: Produce the charges hardware using the drawings and
specifications of Task 5 (48 charges)

% Step 2: Fill the charges

% Step 3: Deliver the charges to ESI for testing

FEFENCE m

i
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Project Overview - Work Plan

L Step 1: Set-up of test arrangement

" Step 2: Test on 8 piles (1 Scorpion and 4 charges per pile)
%, Step 3: Testing offshore (16 charges)

% Step 4: Report results

L

Review of work done

¢ Experimental testing at DRDC- Suffield

¢ Discussion of results

i
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Design review

¢ Initiation system
¢ Charge weight and design
¢ Casing design

¢ Modification of Scorpion [Tl

L

Future work

¢ Design improvement (Task 5)

¢ Manufacturing of charges (Task 6)

¢ Full scale tests in Louisiana (Task 7)
& Piles to section
U Permits

% Sonalysts option

i
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Project Schedule (November 2002)

| Tk Mama | Duradon

Platform removal with enginesred charges 561 days |

Contract award I 0 days|
Project Kick-off | 1 da\_."
Sub-contracting process I 34 days |
Task 1 - Design of shaped charges 215 I'ﬂﬁ'f'ﬁ-
Task 2 - Design of charge casing | 215 days|
Task 3 - Manutaciura and load charges | 110 r‘.lﬁ-,rs:
Design review meeling at ES| | 1 day |
Task 4 - Expermental firings at DADC-S 20 dﬁy’f-:
Milastone to decide to include the option | 0 days |
Task 5 - Improve design {opticnal) 45 dﬁy’s-
Task & - Manulacture ard load 48 charges | 105 days-
Task 7 - Final testing at ESI | 45 days|

Task 8 - Final report 35 da\,'s'

Task Mame Sat Frizh

Fafarm remosd with engineered charges Fri 01-08- 25 Fri 0G-05-29
Contract aw ard Fridd-08-26 Frion-08-28
Project Kick- of f Tue01-11-0E[  Tue 01-11-0E
Sub-contracting process hbn01-10:15]  Thu 01 11.2¢
Tk 1- Design of shaped charges hbin1. 120G Fril2.09.27
Tk 2. Designof charge casing Wb 2. 02 04 Fril2.11-25
Tash 3. Wanufacture and bad charges Wb 1208 02 Fri (0G-02- 22
Design rewview meeting at ES Thu 02-11-07[  Thu 02 11-0¢
Tk 4. Bxperimental frngs at DROC 5 Wb 03 050G Fri0G-0053- 22
Design review meeting and miestone for option hbn1303-24|  hion 0503-24
Task 5 kmprov e design ( optional) Tue 0303 22 Fri(G-0d11
Tk 6. Wanufacture and bad charges hbin13-04 14 Fri 0G5-06-0€
Tk 7- Final testing at B3I hbin13- 0609 Fri (G506 27
Tk - Fral report hbnI3-06-30 Fri(3-05- 22

[=]

| | | @ | | ] pa| =~

FEFENCE m

i
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Project Schedule (Revised)

Tash Mare Aat Firish

Flaform remoyd with ergineer ed charges Fri 01-09-25 Fri 0G-05-29
Contract aw ard Fridd-08-25 Fri0-08- 28
Froject Hic- off Tue04-11-0E|  Tue 01-11-CF
Sub-contracting process htn01- 1015 Thu 01-11-2
Tk 1- Design of shaped charges htn01- 120G Fril2-08-27
Tk 2- Designof charge caing hton 20204 Frili2-11-2£
Tk 3- Menufacture and bad charges hton 2. 09 02 Fri(3-02- 22
Design review meefing at ES Thu 02-11-07f  Thu 02 11-0¢
Tk 4- Bcperimental frings at DROC- 5 hbn I3 050G Fri(05-05- 28
Design review meeting and miestane for option hbnI3 0524 hon 0505-24
Tk S- kv e design  optional) Tue 0503 22 Frils-04-11
Tk &- Manufacture and bad charges hbin(I3 04 14 Fri (05-06- 06
Tk 7- Final testing at ESI hbin(I3- 0609 Fri (05-06- 27
Txkd- Fnal report hbnI3 0630 Fri(5-06- 22

[=]

| | @ o & | 2 =

DHEFENCE m

L

Initiation system

¢ One initiation point per charge at the center
¢ Initiation system:
U Inside the charge: Detasheet and C4

& Outside of charge: initiator, Detaprime,
Detasheet

¢ Reduction of penetration below initiation
point

¢ Requirement for redundancy?

FEFENCE m

i
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Linear Shaped Charge

2D view of the Y230-4000 LL.SC (RDX filled) from Accurate
Energetics

Linear Shaped Charge

3D view of a Y230-4000 curved section for cutting 48" pipe
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Linear Shaped Charge

Total charge mass for sectioning different piles sizes

L

Casing Design

Hollow structural steel design (water tightness)

i
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Casing Design

Hollow structural steel arrangement (L.SC set-up)

L

System Considered

SCORPION™
Deployment System
¢ Developed by ESI

# Adjustable to different size
of pipes (collapsable)

4 Can be lowered to the
required position

¢ Can be used in slant piles

i
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SCORPION™ Deployment System

L

Design improvement (Task 9)

¢ Charge and casing sections (45°, 90°)
L RDX charges gives possibility to used 90°
% Overlapping of charges

¢ Initiation system

% Can the penetration below initiation be
improved 7 (wave shaper)

& Number of initiation point (redundancy)
¢ Charge size

% Depending of targets for Task 7

i
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Manufacturing of charges (Task 6)

¢ Chosen design of LSC (4000 grains)
¢ New tooling required

& Weight of charges

L Diameter of piles
¢ Quantity and diameter

& Number and type of targets

L

Sonalysts 16 sensors disposition {Figure . )
;&%- MMS & sensors (near field), 3 sensors (far field)
Disposition to be discussed v
Mear field Limit
50 ft 100
L = 1
= 5ft
= it
- 50t
\4
~ %t
s ~ = . b
: t‘ i ° 45 (oo dopt)
N W A e A

SR Y
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Sonalysts Measurements

Blast measurements instrumentation for 16 sensors
Data recording and analysis
Peak pressure
Impulse
Energy flux

Proposed disposition for the 16 sensors may be adapted as
required, near field and far field

i
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DEFENCE DEFENSE

DEFENCE\ — DEFENSE

OIL PLATFORM REMOVAL USING ENGINEERED CHARGES
TASK 4: EXPERIMENTAL FIRINGS AT DRDC-SUFFIELD
TRIAL SUMMARY

John Fowler
24 March 2003

Canadi
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m)’ Trial Plan

Takle #1 : Linear shape charge struight
To compare data of commercial shage charge with previous data of oplizized charge
Testa i Egplosive Charge shape and Cazing Standoff Reguired Quantities
length
1&2 RDX Strmght charge Mot applicable 1.25 inches Target steel plate Two
12" long Electric instistor

+ Target plate 1.5 inch mild steel
plate.

+ Plate will be water backed to

provide appropriate boundary
conditions.

+ Initiation usinF PRIMADET(MS)
with C4 booster to ensure contact.

+ The plate will be sectioned to
evaluate damage.

Defence R&D Canada — Suffield « R & D pour la défense Canada — Suffield

m)’ Trial Plan

Table #1 : Linear shape charge siraight
To validste charge comporiment in immersed casng

Tosts # Explosive Charge shape and Casing Standoff Fequirsd Cuanities
length arcesgories
&4 ROX Shraght charge | Shasght 12" long 1.25 inches Tatgel steel Two
12" long plate, Electric
wmwitiator, poal
and water

+ Target plate 1.5 inch mild steel
plate.

+ Plate and steel casing enclosing
charge will be submerged.

+ Initiation may be a challenge.

+ The plate will be sectioned to
evaluate damage.

Defence R&D Canada - Suffield + R & D pour la défense Canada — Suffield
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m)’ Trial Plan

Table#3; Lineas shape charge curved with casng
Ta vabidate comemercial charge compeitinent in immersed casing spanel a barget simuling & pile section
Tests ¥ Explosive Charge shape and Casing Standoff Requared Cuantities
length ACCEFROTD
5 RO Curved charge | Curved 16" long 125 mchee Target steel pipe Three
16" tong section, lectrie
indtiator, pool
and water

+ Target is 48" diameter pile.

+ The charge and pile will be
submerged.

+ The plate will be sectioned to
evaluate damage.

+ Assess submerged and staggered
charges for cutting pile.

Defence R&D Canada — Suffield « R & D pour la défense Canada — Suffield

.~/ Trial1: Linear Charge with
m) Water Backing

+ Twelve-inch RDX charge.
+  Mild steel plate (1.5 in).
+ \Water backing.

+ Partial perforation

— lower penetration under
detonator.

Defence R&D Canada - Suffield + R & D pour la défense Canada — Suffield
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RO’

RO

Trial 2: Linear Charge with
Sand Backing

Twelve-inch RDX charge.
Mild steel plate (1.5 in).
Saturated sand backing.

Partial perforation

— performance similar to water
acked charge.

Defence R&D Canada — Suffield « R & D pour la défense Canada — Suffield

Trials 3-7 : Initiation Testing

Initiation tests were performed to ensure that
detonation would be achieved through the
steel case.

With a vertical detonator a 3/8” deep C4 well,
5/8” in diameter with a 5/8” diameter disk of
1/8” detasheet initiated a similar detasheet
disk below a 1/16" steel plate.

A horizontal detonator placement required a
5 gram detaprime booster on the 5/8”
detasheet disk to initiate the similar
detasheet disk below a 1/16” steel plate.

Defence R&D Canada - Suffield + R & D pour la défense Canada — Suffield
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m‘)f Trial 8 : Water Backed Linear Charge

A layer of 1/8” detasheet was ]
added to the top of the charge to
improve penetration under the
detonator.

+ Penefration was similar to trials 1
and 2. The additional explosive did
fracture the plate below the
detonator.

Defence R&D Canada — Suffield « R & D pour la défense Canada — Suffield

~ Trial 9: Cased Linear Charge
m”‘} Submerged

+  Twelve-inch RDX charge.
+ Mild steel plate (1.5 in).
+ Submerged cased charge.

+ Initiation donor system failed to
detonate charge through the steel
casing.

Defence R&D Canada - Suffield ¢ R & D pour la défense Canada — Suffield
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~/ Trial 10 : Dual Initiation
RiJ

+ The benefit of colliding detonation
waves on shaped charge
performance was addressed.

» As noted in earlier trials on smaller
charges, the benefit is a localized
effect.

Defence R&D Canada — Suffield « R & D pour la défense Canada — Suffield

m,,‘)f Trial 11 : Cased Linear Charge

+ Based on the previous cased trial a more robust initiation system
was ulilized.

— C4 and detasheet acceptor charge.

Detasheet and primadet donor charge.

Spring to hold charge in place.

Defence R&D Canada - Suffield + R & D pour la défense Canada — Suffield
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m)f Trial 11 : Submerged Backing

Twelve-inch RDX charge.
+ Mild steel plate (1.5 in).
+ Submerged cased charge.

+ The charge was initiated through the
steel casing. Penetration suggests
initiation occurred on only one side
of the charge.

Defence R&D Canada — Suffield « R & D pour la défense Canada — Suffield

m‘)f Trial 12 : Curved Charge with Air Backing

& »  Fourteen-inch curved
RDX charge.
+ Pile material target.
+ Air backed.

+ The charge was Properlyr
initiated through the steel
casing.

Defence R&D Canada - Suffield + R & D pour la défense Canada — Suffield
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o Trial 13 : RDX Charges Against
m‘/ Pile Section

L

. t'I'_htle %nzitiation system was identical to that used successfully for
rial 12.

+ The charges were mounted in place using the protane blocks on
one end and a wood shim on the other.

Defence R&D Canada — Suffield « R & D pour la défense Canada — Suffield

Trial 13: RDX Charges Against

3 ) Pile Section

+ The charges were arranged such that the ends of one set
were overlapped by 1.5 inches while the other set were flush.

+ The cylinder was filled with water providing approximately 24
inches of head.

Defence R&D Canada — Suffield « R & D pour la défense Canada — Suffield
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o Trial 13 : RDX Charges Against
R Pile Section

+ The charges successfully detonated and penetrated the pile.

+ Cracking occurred between the cutting planes.

+ Two cracks propagated from the intersection plane of the flush
charges.

Defence R&D Canada — Suffield « R & D pour la défense Canada — Suffield

Trial 13: RDX Charges Against
3 J Pile Section

+ Perforation did not occur under the detonator for one of the charges.
+ The cracks between the cutting planes are clearly shown.

+ The two cracks running from where the charges meet is a
ghaEraStI:teristic event that has been noted on several shots performed
y ESL.

Defence R&D Canada - Suffield + R & D pour la défense Canada — Suffield
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m‘)f Trial 14 : Curved Charge with Air Backing

-

"

+ Fourteen-inch curved
Composition-B charge.

+ Pile material target.
» Air backed.

+ The charge was Properlyr
initiated through the steel
casing.

Defence R&D Canada — Suffield « R & D pour la défense Canada — Suffield

7 Trial 15: Comp-B Charges Against
5J Pile Section

« Trial 13 was repeated using Composition-B filled charges.
+ The charges have approximately 25 inches of head.

Defence R&D Canada — Suffield « R & D pour la défense Canada — Suffield
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Trial 15: Comp-B Charges Against
Y Pile Section

r -

+ The charges successfully detonated but penetration was lower
than that of the RDX charges.

+ No cracking occurred between the cutting planes.

Defence R&D Canada — Suffield « R & D pour la défense Canada — Suffield

Trial 15: Comp-B Charges Against
Y Pile Section

i

+ Perforation did not occur under the initiation systems.

+ Perforation did occur after the charge had run-up for two of the
three charges.

Defence R&D Canada - Suffield + R & D pour la défense Canada — Suffield
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ml)/ Conclusions

+ Shaped charge penetration is not significantly effected when
saturated sand is used rather than water to back the target.

+ Penetration is reduced below the initiation system.

+ A detasheet based initiation system proved the most successful.
The importance of ensuring contact of the acceptor and donor
system with the case was evident from testing.

+ Dual initiation increases the penetration in a localized area
where the detonation waves interact. This increase comes with
the cost of reduced overall penetration as the charge runs-up
from two points.

+  The RDX charges outperformed the Comp-B charges,
perforating the pile and resulting in additional blast related
damage.

Defence R&D Canada — Suffield « R & D pour la défense Canada — Suffield

R’-l)} WATER DOES FREEZE!

Defence R&D Canada - Suffield + R & D pour la défense Canada — Suffield
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o
DEFENCE DEFENSE

mg,‘)f RDX Charge with Water Backing

i

Defence R&D Canada - Suffield + R & D pour la défense Canada — Suffield
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@7 Curved Charge End-to-End

Defence R&D Canada — Suffield + R & D pour la défense Canada — Suffield

m,\/ Curved Charge End-to-End

Defence R&D Canada - Suffield « R & D pour la défense Canada — Suffield
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V i -
LR'D Initiation of Charge

= Central Initiation

* Three Point Initiation

Defence R&D Canada — Suffield + R & D pour la défense Canada — Suffield

V e -
LR'D Initiation of Charge

+ Six Point Initiation System

Defence R&D Canada - Suffield + R & D pour la défense Canada — Suffield
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m‘)} Water Jet

Plane of

Symmetry Water at 501t
- Toroidal bubble forms but : v S
splits during collapse Py { /
& glem Toroidal |
* Low-speed jet (~20 m/s) Hehvae Fossmin vsizm
evident i
+ Bubble jet does not - PESNN _ 1xe o
appear to apply high : : i
pressure loads to pipe TR T
wall

* Overall internal pipe
pressure high

¥ ()

— helps maintain
solution stability

::l:hl-l

Defence R&D Canada — Suffield + R & D pour la défense Canada — Suffield
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Annex D

ESI test range testing report
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" SNC TECHNOLOGIES INC.
5, montée des Arsenaux
Le Gardeur (Québec)
Canada J5Z 2P4
Phone: (450) 581-3080

Fax: (450) 581-0275

Copie 01

Test of Linear Shape Charge at ESI and measurement

Prepared by:.
Denis Saint Arnaud, P. Eng.
Technologies Section
Development and Technol ogies Department

Presented to:
Mr. Jim Lane
MMS
July 2003

MP 19400
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1.0- INTRODUCTION

These testing were made as part of task 7A of the project. The purpose of this test seriesisto complete the design
and do equipment trialsto prepare for final testing in the Gulf of Mexico as part of task 7B.

Testing at ESI was described in test plan 647-004-TEP-DET presented in Annex A. Thistest plan includes tests to
confirm initiation system location and booster design system.

It also included test with the deployment system for 30" @ pile and 48" @ pile. Along with deployment system and
severing of the piles, measurement testing should be conducted to get the value of the peak pressure, impulse and
energy flux generated.

In addition at least one test was to be done on casings presenting some irregul arities (wrinkles).

20- OBSERVATIONS

All the observations were done at ESI range and inaquarry with a submerged area.

Photo # 1 Previous ESI initiation test Photo # 2 same set-up as photo # 1
Cut complete on half thelength View from theinside

Final report Backgrounds MM S
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Photo # 3 loading of aLSC Photo # 4 same as photo # 3
charge set-up for 30" g pile View of wooden blocks maintaining
Initiation PETN & RDX standoff

Photo # 5 same as photo #3 Photo # 6 same as photo #5
L SC mounted in casing installed Good cut al along
Inside a30"g pile Left side was initiated with PETN

Right side was initiated with RDX

Photo # 7 same as photo # 5 Photo # 8 same as photo #5
View of the cut outside in front View of the cut from theinside

Final report Backgrounds MM S
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Photo # 9 same as photo # 8 Photo # 10 Loading of an LSC
Too powerful LSC caused LSC for 48"gpile
deformation Initiation PETN & RDX

Photo # 11 same as photo # 10 Photo # 12 same as photo # 11
LSC & casing mount in 48"gpile Initiation ready

Photo # 13 48"g pile cut Photo # 14 same as photo # 13
Good cut al along Cut view from theinside
Left sideinitiated with RDX

Right side initiated with PETN

Final report Backgrounds MM S
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Photo # 15 same as photo # 13 Photo # 16 same as photo # 13
View in front from the inside Cut frominside appear very regular

Photo # 17 Same as photo # 13 Photo # 18 ‘wiper’ #7 b (6.3X)
Outside, extremeright dull gray cut Under PETN initiation fractured cut

Photo # 19 Scorpion assembly with Photo # 20 Scorpion for a48"g pile
Four LSC mounted in casing for a
30"gpile

Final report Backgrounds MM S
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Photo # 21 Scorpion for a30"g pile Photo # 22 Scorpion for a 30" @ pile
With initiation system on all casings System not expanded put in position

-

Photo # 23 Scorpion for a30" @ pile Photo # 24 Sensors array identification
System in position and expanded

Photo # 25 Part of acquisition system Photo # 26 Analyzer for data
Acquisition system

Final report Backgrounds MM S
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Photo # 27 Unsuccessful try to Put Photo # 28 Successful try to put
30"g pilein place underwater 48"g pilein place underwater

Photo # 29 48" g pile partly cut Photo # 30 48" @ pile partly cut
Both cut doesn’t met

Upper cut deviate awa

Photo # 31 48" g pile partly cut Photo # 32 48"g pile partly cut
Two others cut which doesn’t met Severing between two cut

Final report Backgrounds MM S
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Photo # 33 48" g pile partly cut Photo # 34 48" g pile partly ut
Severing between two cuts Transverse fracturing front view
Transverse fracturing

Photo # 35 Successful try to put Photo # 36 Successful cut on 30"g pile
30"g pilein place underwater

Photo # 37 Successful cut on 30"g pile Photo # 38 Front view of severed
Pile severed in two section 30"g pile

Final report Backgrounds MM S



OIL PLATFORM REMOVAL USING ENGINEERED EXPLOSIVE CHARGES:
IN SITU COMPARISON OF ENGINEERED AND BULK EXPLOSIVE CHARGES
Background Documents

Photo # 39 Internal view of severed Photo # 40 Top view of severed
30"g pile, clearcut observed 30"g pile. Difference can be seen
Between top & bottom cut.

Photo # 41 Square cut as top of Photo # 42 Overlap cut as bottom
of Photo # 40

Photo # 43 Part of severed 30"g pile Photo # 44 Part of severed 30"g pile
One fractured point Appearance of spalling of the wall
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Photo # 45 new casings for 30"g@ pile Photo # 46 Loading of LSC for
Wrinkles are visible on internal wall 30"g pile with Boosters of RDX
The non-aligned one was put on test at left foam standoff, at right wood

Photo # 47 Casing & LSC for 30"g pile Photo # 48 Load casing for 30"g pile

Assembled with foam & wood standoff Initiator installed

Photo # 49 Inside 30" g pile Photo # 50 30" @ pile severed

L SC mounted in casing severing weaken at wood standoff
Wood standoff at right
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Photo # 51 Interior of 30" @ pile severed Photo # 52 L afitte’ s Blacksmith Shop
No difference on al the cut 941 Bourbon (1772) NO LA

Photo # 53 Blast of 48"g pile
Mass of water displaced
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30-

4.0-

CONSTRUCTION OF THE CHARGES

L oading of the charges was done using a procedure based on the previous experiments at DRDC Suffield.
- First the LSC was placed aside of the casing to correctly localize the booster holders.
Next the booster holders were put on the L SC and loaded. In all cases athin deta sheet (0.125")
was put first. Then the two corners on the side werefilled either with deta sheet packed or with
three det cord made of PETN (50gr 1%2"long).
Two layers of deta sheet (0.125").
These two booster holders were strongly attached to the L SC with electrical tape.
The two loaded boosters holders being loaded and attached to the L SC, the explosive charge was put inside
the casin
Oncei nsi%e the casing, at the two extremities the standoff blocks were inserted between the LSC and the
casing.
Instar?t Gasket was then applied at both extremities and the covers platesimmediately screwed on the
extremities.
Just prior to detonating the charge for severing the pilesor other tests, theinitiators were installed over the
casings.
First one deta sheet (0.333") was put on the two-machined recess on the casing.
Oneinitiator was then placed on each of these deta sheets.
Two slice of deta sheet (0.125") were then placed over the initiator.

EXECUTION OF THE TESTS

Test # 1 was done with aL SC curved for a30"@ pile. The LSC was mounted in acasing. There was two
initiators for the charge These were 2Y2" each side of centerline. One booster was loaded with PETN and
RDX was used for the other. Thistest is presented in pictures3to 9.

It resulted in avery good cut, for both the PETN and the RDX.

Test # 2 was done with aL SC curved for a48"g pile. The LSC was mounted in acasing. There was two
initiatorsfor the charge which were 2%%" each side of centerline. The booster were loaded with PETN for
one and RDX for the other. Thistest is covered with photo 10 to 18.

It resulted in very good cut. However under PETN booster it showed a short fracture (~2 inch long).
The two precedent tests bring usto select RDX to fill the booster for the others tests.

Test # 3 was performed with aL SC curved for a 30" @ pile. Four L SC were mounted in four casings. There
was two initiators for each charge which were 242" each side of centerline. The boosters were loaded with
RDX for both. All of these charges and casings were assembled on a Scorpion used for their deployment.
The deployment of the Scorpion was made inside a 30" g pile.

Then the pilewas driven in agravel pit submerged by water. After many unsuccessful essay to set the pile,
the Scorpion slipped to the bottom of the pile underwater.

After the recuperation of the Scorpion, all the charges and casing were verified, unloaded from the Scorpion
and further reloaded. The Scorpion with all the casing was then redeployed inside the 30" @ pile.
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Then the pile was reinstalled vertically in the gravel pit submerged by water, at this moment the pile stayed
still. Thistest isillustrated in figures 19, 21-23, 27, 35-44.

It resulted in avery good cut; the pil e was severed on a complete circumference and split in two separate
parts.

Test # 4 was done with aL SC curved for a48" g pile. Four LSC were mounted in four casings. There was

two initiators for each charge which were 242" each side of centerline. Both boosters were loaded with RDX.
All of these charges and casings were assembled on a Scorpion which was used for their deployment inside
ad8'gpile.

The driving up of this pile was done between the first unsuccessful planting of the 30" g pile and rel oading of
the charges for second successful test for 30" g pile. The 48" pile was set in the gravel pit submerged by
water. After some unsuccessful essay to drive the pilein the bottom mud, it rested in the bottom of the ‘1ake’
and the test was done. Thistest isshown in figures 28-34 and 53.

It resulted in an incomplete cut. Three quarter of the circumference was completely severed. The cuts were
incomplete under two L SC and junctions of two cuts were also incompl ete.

Test #5wason aLSC curved for a30"g pile. The LSC was mounted in a casing presenting wrinkles on the
wall with theinitiators. There was two initiators for the charge, which were 222" each side of centerline. The
boosters were loaded with RDX for both of them. The standoff was set precisely and securely with a ¥4
thick wood piece at one extremity and by expanded foam at the other extremity. Thistest is presented in
pictures 45 to 51.

It resulted in aweaken cut under the wood piece and a partly weaken cut under the foam.

50- ANALYSSOF THE RESULTS

Test # 1 (oneloaded L SC against a 30" @ pile) and # 2 (one loaded L SC against a 48" @ pile) were considered
as ademonstration that both arrangements for 30" @ pile and 48" @ pile can do reliable severing. Thelittle
fracture observed under the PETN booster of the 48" led us to prefer RDX for the booster.

Test # 3 (four LSC loaded and assembled on a scorpion inside a 30" g pile), which was done in two
sequences, brings us alot of information. When the Scorpion slipped from the pile to the bottom of the
‘lake’ it showed us that with repetitive shocks with water and mud present as lubricant, even if the scorpion
isdeployed, it has great chances to move. When the Scorpion was recovered and the charges inspected, the
falling of the standoff blocks showed us that this system islimited on the quantities of shock it can accept.
This event was al so a supplementary proof that the casing closed with the instant gasket is watertight. None
of the opened casing presented any water infiltration. And after being reloaded even with a short curing
time, they all performed correctly.

Test # 4 (four LSC loaded and assembled in a Scorpion inside a48"g pile) brings us also some additional
information but also outstanding questions. Asthis Scorpion was more securely hanged it didn’t slipped,
even if the pile was submit to some repetitive shocks. The severing of the pile being incomplete all the
charges didn’t perform their job optimally. The most likely explanation for thisincomplete severing is that
in one or two cashg the standoff blocks moved. If so it could have caused one or many of the following
events. Theinitiation can have been done from only one point instead of two. The initiation can have been
done on one or two point but resulting with no intimate contact between the inside of the casing and the
booster material. No initiation at all can have been done from theinitiators, the initiation resulting from the
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shock wave of the charges aside at one or both extremities. Most of these events would be combining with a
lost of the correct standoff distance and probably a cantering of the L SC inside the casing. Another
possibility isan uneven thickness of material in front of the LSC. Normally wall of these kind of pilesis
regular enough, but at the seam location aweld reinforcement of ?" can be met, at this point and with some
distance it can cause some water gap between the casing and the pile wall.

What really happened is hard to confirm but for sure some supplementary tests should be done on thistype
of LSC before the Gulf testing.

Test #5 (oneloaded LSC against a 30" g pile), the LSC being loaded inside a?" thick wall casing

presenting wrinkles on the wall where the initiation should be done. This arrangement testing was also done
with standoff maintained at one extremity with awood piece ¥4" thick, 4" long and at the other with
expanded foam with awood piece.

It showed usthat initiation is performed properly even if there are wrinkles. However it seem that if too
thick wood piecesisin obstruction in the jet path which can weaken jet efficiency.

6.0- CONCLUSON

Initiation and severing of 30" @ pile can be done with efficiency and repeatability using casing 316" or ?"
thick wall. For this arrangement we are ready to go in the Gulf of Mexico testing (Task 7B).

Initiation and severing of 48"@ pile has still to be improved.

Data acquisition and measurement for peak pressure, impulse and energy flux were accordingly to the

expectation of all involved people. There is no remaining question about measurement so this part of the
deployment is ready for Gulf experiment. See resultsin Annex B.

7.0- RECOMMANDATION

In view of validating 48" & pile arrangement supplementary testing should be performed before Gulf testing.
- Test with straight L SC with a correct standoff over a2" thick steel plate. Install the LSC and

standoff holding pieces to have no interference between jet and target. Saw the plate, observe the
entire cut and verify if thereisany wash out. Thistest could be done with or without use of a
casing and water.
Test with straight LSC with a correct standoff over a 2" thick steel plate. Install the LSC with
standoff wood pieces in interference with the extremities of the LSC (interference at least 1" long
each extremities), soit'll have 1" interference between jet and target at each extremities. Saw the
plate, observe the entire cut and verify if the cut was affected in regard to thefirst test. Thistest can
bedone with or without use of acasing and water.
Repeat the same test with straight L SC with a correct standoff over a2" thick steel plate. . Install
the LSC with standoff PV C pipes part in interference with the extremities of the L SC (interference
at least 1" long each extremities), soit‘'ll have 1" interference between jet and target at each
extremities. Saw the plate, observe the entire cut and verify if the cut was affected in regard to the
first test. Thistest can be done with or without use of a casing and water.
Test with straight LSC with a correct standoff over a2" thick steel plate. Then add a height to the
standoff to simulate the height caused by the variation caused onwall of the pile as where we met
seam weld reinforcement. Install the LSC with standoff wood pieces in interference with the
extremities of the LSC (interference at least 1" long each extremities), soit'll have 1" interference
between jet and target at each extremities. Saw the plate, observe the entire cut and verify if the
entire cut was affected. Thistest can be done with or without use of a casing and water.
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With all these results helping to interpret correctly 48" LSC comportment at ESI testing (task 7A). Some
additional tests would be valuable on actual LSC.
Test with one curved L SC (for 48" pile) with a correct standoff inside a48"g pile. Install the LSC
with standoff wood pieces in interference with the extremities of the LSC (interference at least 1"
long each extremities), soit‘ll have 1" interference between jet and target at each extremities. LSC
mounted inside casing, do the testing. Saw the section, observe the cut and verify if the cut was
affected. Thistest should be donewith use of water.
Test with one curved LSC (for 48" @ pile) with a correct standoff inside a48"g pile. Install the LSC
with standoff PV C pipe piecesin interference with the extremities of the LSC (interference at least
1" long each extremities), soit‘'ll have 1" interference between jet and target at each extremities.
L SC mounted inside casing, do the testing. Saw the section, observe the cut and verify if the cut
was affected. Thistest can be done with use of water.
Test with four curved LSC (for 48" @ pile) with acorrect standoff inside a48"g pile. Install the LSC
with standoff choose piecesin interference with the extremities of the LSC (interference at least 1"
long each extremities), soit'll have 1" interference between jet and target at each extremities. LSC
mounted inside casing, all the casingsinstalled on a scorpion or arranged as if they were mounted
on a scorpion, do the testing. Saw the section, observe the cut and verify if the cut was affected.
This test can be done with use of water.

With these latter tests giving good results then Gulf testing (task 7B) could be next step.

8.0- REFERENCES

[1] Fundamentd of Shaped Charges W.P. Wdtas JA. Zukas, John Wiley & Sons inc,
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Annex A

Test plan 647-004-TEP-DET
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‘7 SNC TEC
PLAN D'ESSAI / TEST PLAN

TITRE DE L'ESSAI / TEST TITLE: Test of linear shape charge on piles, project MMS

Demandeur / Requested by: Denis Saint Arnaud No. de I'essai / Test number: 647-004-TEP-DET
Endroit de I'essai / Test location: | ESI Clinton LA Reévision/ Revision: 0

Date émise / Date submitted: July 2003 Projet, Produit / Project, Product: MMS

Date requise / Date required: July 2003 No. Work Order / Work Order No.: MP19400

Présence du demandeur ou délégué/
Required presence of authorized person:

X Oul, NOM / O NON
Yes, NAME REQUIS/ No

RUBRIQUES OBLIGATOIRES / MANDATORY INFORMATION:

1. BUT/AIM:
The first aim of these tests is to confirm that LSC mounted in appropriate casings will entirely severe 30 & 48"g piles.

The second aim is to confirm that we can properly get data and do measurement accordingly to parameters agreed with
MMS.

2. PROCEDURESA SUIVRE /TEST PROCEDURE:

Mount the linear shape charge with booster holders filled inside the casings setup ensuring correct stand-off.
Close the casing and make them watertight

Assemble initiation system over the casing.

Evacuate area, connect initiation system and do the test.

Evaluate penetration depth, shape or sectioning capability.

3. MESURES DE SECURITE PARTICULIFRES / SPECIFIC SECURITY MEASURES:

a) Mesures de sécurité particulieres

1.1D explosive manipulation. Use of appropriate protection shield and distance.
Following testing agency safety procedure.

b) Analyse derisques spécifique a l'essai
[0 NONAPPLICABLE/NOT APPLICABLE
X CONFORME A L’ANALYSE DE RISQUES DETAILLEE NO. :/ MEETS THE RISK ANALYSIS No.
[0 NON CONFORME A L’ANALYSE DE RISQUES DETAILLEE NO.;/ DOES NOT MEET THE RISK ANALYSIS No.

NOMS DES PARTICIPANT S / ATTENDEES NAME
Nom / Département :
Name / Department :

i I lfications -
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Chef de projet / Chief of the project Directeur responsable du projet / Project Manager

4. COMPOSANTES CRITIQUES UTILISEES POUR L'ESSAI SONT CONFORMES / CRITICAL COMPONENTS USED ARE CONFORM :
L1 N/A X OUI/YES ] NON/NO

Sinon, donner laraison | If not give the reason:

9.1 RUBRIQUES APPLICABLES/ APPLICABLE INFORMATION:
A N/A A N/A
Produits & évaluer / X [l X -d
Product to test

Armes, Equipement a utiliser /
Weapon, Equipment

Charges propulsives / O X Critéres d'acceptation / X 1
Propelling charge Acceptance criteria

Données a recueillir / X O Autres rubriques / O X
Measurements Other information

Dessins applicables / X O Références / X O
Applicable drawings References

Final report Backgrounds MMS oo



OlL PLATFORM REMOVAL USING ENGINEERED EXPLOSIVE CHARGES:
IN SITU COMPARISON OF ENGINEERED AND BULK EXPLOSIVE CHARGES
Background Documents

Product to test
Table#1: Linear shape charge for 30"@ pile enclosed in casing to confirm initiation system location and best
way to build it.
Tests# Explosive Charge shape Casing Standoff Required Quantities
and length accessories
1 RDX Curved charge| Curved for 1.25inches Pile section One
~21" long 30"gpile 30"@ Nonel
initiator
Table#2: Linear shape charge for 48" g pile enclosed in casing to confirm initiation system location and best
way to build it.
Tests# Explosive Charge shape Casing Standoff Required Quantities
and length accessories
2 RDX Curved charge| Curved for 1.25inches Pile section One
~34" long 48" g pile 48"g Nonel
initiator
Table #3: Four linear shape charge for 30"g pile enclosed in casing, all of them mounted on a scorpion, all

the assembly put inside a pile and essay underwater. To validate efficiency of theentire system.

Tests# Explosive Charge shape Casing Standoff Required Quantities
and length accessories
3 RDX Curved charge| Curved for 1.25inches Pile section Four deployed
~21" long 30"g pile Nonel initiator | by ascorpion
Table#4: Four linear shape charge for 48" @ pile enclosed in casings, all of them mounted on a Scorpion, all

the assembly put inside a pile and essay underwater. To validate efficiency of the entire system.
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Tests# Explosive Charge shape Casing Standoff Required Quantities
and length accessories
4 RDX Curved charge| Curved for 1.25inches Pile section Four deployed
~34" long 30"g pile Nonel initiator | by ascorpion
Table #5: Linear shape charge for 30"@ pile enclosed in casing to confirm that initiation is effective through a

casing with wrinkles on the wall.

Tests# Explosive Charge shape Casing Standoff Required Quantities
and length accessories
5 RDX Curved charge| Curved for 1.25inches Pile section One
~21" long 30"gpile, ?" 30"@ Nonel
thick HSS initiator
Table#6: Results
Test # Explosive Number of Casingdamages | Target damages Photo
charges
1 RDX 1
2 RDX 1
3 RDX 4
4 RDX 4
5 RDX 1
Equipment
Per test#1: 30"g pile
Linear shape charge filled with RDX & casing curved for the pile
Booster system
Initiation system
Per test #2 : 48"gpile
Linear shape charge filled with RDX & casing curved for the pile
Booster system
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Initiation system

Per test # 3 : 30"gpile
Four linear shape charge filled with RDX & casing curved for the pile
Booster system
Scorpion system
Initiation system
Sufficient depth of water to submerge the pile

Per test#4 : 48"gpile
Four linear shape chargefilled with RDX & casing curved for the pile
Booster system
Scorpion system
Initiation system
Sufficient depth of water to submerge the pile

Per test #5: 30"g pile
Linear shape charge filled with RDX & casing curved for the pile
Booster system
Initiation system

Acceptance criteria

Test is considered successful if target isentirely cut.

M easur ements

After each tests remaining casing and target must be photographed to eval uate damages.

Targets must be cut perpendicularly to jet propagation.
Depth and shape of penetration must be evaluated and photographed.
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Annex B
Sonalysts report dry run

This report which was part of ESI test Range report has been entirely reproduced as the next Annex E
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Annex E

ESI test range testing — Sonalysts test report
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BLASTING MEASUREMENT

Preiminary Tesing at Bunch Quarry, Clinton LA
9 July 2003

PREPARED FOR:

SNC TECHNOLOGIES, IN C.

5, MONTEE DESARSENA UX

LE GARDEUR, QC CANA DA
J5Z 2PA

PREPARED BY:

SONALYSTS, INC.
215 PARKWAY NORTH
WATERFORD, CT 06385
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GULF BLAST MEASUREME NT

Priminary Tedting a Bunch Quarry, Clinton LA
9.July 2003

25

£
K
3!

1.0- BLAST TRANSDUCER SETUP FOR SHAPED CHARGE
EXPERIMENTS

11 Comments

- In generd, transducers produced shock wave pesk pressures in the order of magnitude of 240
ps & 30 and 180 ps a 55 for 30" pipe, and 210 ps a 30 and 130 ps a 55' for the 48" pipe.

- Use of Connor’s developed smilitude equations for 307 pipe with charge weight of 4.58 Ib
yields 215 pg a 30 and 64 ps a 55'. Numbersfor 48" pipe with cherge weight of 6.86 |b are
282ps @30 and84pd a 55'.
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- Multiple peaks (<0.5 msec) seen in agiven transducer time trace are probably due to reflections
in pipe structure or charge delays. Larger delays (> 1 msec) may be bottom or quarry wall
reflections.

- The 48" charges did not set off correctly and results are not what would be expected for correct
charge detonation.

- Pipes and charges were not placed below mudline hence resulting pressures are higher than
would be expected for below mudline placement.

- 48’ pipetest wasrun firgt. Transducers 1 and 2 did not respond. Cables were checked and re
ingaled and equipment reset. For 30" pipetes, dl channelsyidded vaid data

- Propagation loss will be different in the quarry setting compared with open water due to close
in reflections of shock pulse energy and solid regtriction behind pipe (quarry wal). This should
explain the low rate of pressure fdl-off with increased distance.

- Graphs of transducer shock pulse deta follow.
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Annex F

Engineered charge parts drawings
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";" SNC TEC

PLAN D'ESSAI / TEST PLAN

TITRE DE L'ESSAI/ TEST TITLE: Test of linear shape charge on piles in the Gulf, project MMS

Demandeur / Requested by: Denis Saint Arnaud No. de I'essai / Test number: 647-005-TEP-DET
Endroit de |'essai / Test |ocation: Mexico Gulf LA Révision / Revision: 1

Date émise / Date submitted: September 2003 Projet, Produit / Project, Product: MMS

Date requise/ Daterequired: October 2003 No. Work Order / Work Order No.: MP19400
PRESENCE DU DEMANDEUR OU DELEGUE/ X OUI, NOM / YES [] NON REQUIS/

REQUIRED PRESENCE OF AUTHORIZED PERSON: NAME NO

RUBRIQUES OBLIGATOIRES / MANDATORY INFORMATION:

1. BUT/AIM:

The first aim of these tests is to confirm that LSC mounted in appropriate casings will entirely severe 30" piles on actual
platforms in the Gulf.

The second aim is to take blast measurements and data on the test environment requested by MMS according to parameters
agreed with them.

2. PROCEDURES A SUIVRE /TEST PROCEDURE:

Mount the linear shape charge along with filled booster holders inside the casings set-up ensuring correct standoff with the standoff
blocks.

Close the casing and make them watertight with the Loctite #30507 material

Assemble initiation system over the casing.

Take measurements on the environment where the test is preformed (water salinity and temperature, data on the mud, ...)
Evacuate area, connect initiation system and perform the pile severing test.

Obtain blasting performance data (Peak pressure, Impulse and Energy Flux)

Evaluate sectioning capability of the charge including depth and shape of penetration.

3. MESURES DE SECURITE PARTICULIERES / SPECIFIC SECURITY MEASURES:

a) Mesures de sécurité particulieres
1.1D explosive manipulation. Use of appropriate protection shield and distance.

Following testing agency safety procedure.

b) Analyse derisques spécifique a l'essai
[0 NON APPLICABLE /NOT APPLICABLE
X CONFORME A L’ANALYSE DE RISQUES DETAILLEE NO. :/ MEETS THE RISK ANALYSIS No.
0 NON CONFORME A L’ANALYSE DE RISQUES DETAILLEE NO.:/ DOES NOT MEET THE RISK ANALYSIS No.

NOMS DES PARTICIPANT S / ATTENDEES NAME

Final report Backgrounds MMS

114




OlL PLATFORM REMOVAL USING ENGINEERED EXPLOSIVE CHARGES:
IN SITUCOMPARISON OF ENGINEERED AND BULK EXPLOSIVE CHARGES
Background Documents

Nom / Département :
Name / Department :

Indiquer les changements/ Modifications :

Chef de projet / Chief of the project Directeur responsable du projet / Project Manager

4. COMPOSANTES CRITIQUES UTILISEES POUR L'ESSAI SONT CONFORMES / CRITICAL COMPONENTS USED ARE CONFORM :
X N/A X OUIYES 1 NON/NO

Sinon, donner laraison | If not give the reason:

RUBRIQUES APPLICABLES/APPLICABLE INFORMATION:

A N/A A N/A
Produits a évaluer / Ol [] Armes, Equipement a utiliser / X []
Product to test Weapon, Equipment
Charges propulsives / [] X Critéres d'acceptation / X []
Propelling charge Acceptance criteria
Données a recueillir / X [] Autres rubriques / [] =
Measurements Other information
Dessins applicables / X [] Références / X ]
Applicable drawings References

Final report Backgrounds MMS J_J_b



OIL PLATFORM REMOVAL USING ENGINEERED EXPLOSIVE CHARGES:
IN SITU COMPARISON OF ENGINEERED AND BULK EXPLOSIVE CHARGES
Background Documents

Product to test

First Pier hasthree piles of 30"g, 1" thickness wall and has one well
First Pier will be severed during tests#1 to 4. Those testswill be conducted in one operation with only a short delay

between them.

Table#1: Linear shape charge for 30" @ pile enclosed in casing to confirm initiation system location and best
way to build it.
Location at 15 feet below mudline.
Tests # Explosive Charge shape Casing Standoff Required Quantities
and length accessories
1 RDX Curved charge| Curved for 1.25inches Pile30" 1"
~21" long for 30"gpile thickness wall Four
30"g pile Nonel initiator

Table#2: Linear shape charge for 30" @ pile enclosed in casing to confirm initiation system location and best

way to build it.
Location at 15 feet below mudline.

[ Tests# | FExplosve | Chargeshape| Casing | Standoff | Required | Quantities
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and length accessories
2 RDX Curved charge| Curved for 1.25inches Pile30" 1"
~21" long for 30"gpile thickness wall Four
30"g pile Nonel initiator
Table#3: Bulk charge 50 pounds for 30" @ pile non enclosed. To get comparative data with L SC testing.
Location at 15 feet below mudline.
Tests# Explosive Charge shape Casing Standoff Required Quantities
and length accessories
3 RDX N/A N/A N/A Pile 30" 1" One
thickness wall
Nondl initiator
Table#4: Bulk charge 50 pounds for 16" @ or 24" g well non enclosed. To get comparative datawith LSC
testing.
Location at 15 feet below mudline.
Tests# Explosive Charge shape Casing Standoff Required Quantities
and length accessories
4 RDX N/A N/A N/A Well 16 or 24" One
Nonédl initiator
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Second Pier hasthree piles 30" g, 5/8" thickness wall and has one well
Second Pier will be severed during tests #5 to 8. The tests will be conducted in one operation with only a short

delay between them.

Table#5: Linear shape charge for 30"@ pile enclosed in casing to confirm initiation system location and best
way to build it.
Location at 15 feet below mudline.
Tests# Explosive Charge shape Casing Standoff Required Quantities
and length accessories
5 RDX Curved charge| Curved for 1.25 inches Pile 30" 5/8"
~21" long for 30"gpile thickness wall Four
30"g pile Nonel initiator
Table #6: Linear shape charge for 30"@ pile enclosed in casing to confirm initiation system location and best
way to build it.
Location at 15 feet below mudline.
Tests# Explosive Charge shape Casing Standoff Required Quantities
and length accessories
6 RDX Curved charge| Curved for 1.25 inches Pile 30" 5/8"
~21" long for 30"gpile thickness wall Four
30"g pile Nonédl initiator
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Table#7: Bulk charge 50 pounds for 30" @ pile. To get comparative datawith L SC testing.
Location at 15 feet below mudline.
Tests# Explosive Charge shape Casing Standoff Required Quantities
and length accessories
7 RDX N/A N/A N/A Pile 30" 5/8"
thickness wall One
Nonédl initiator
Table #8: Bulk charge 50 pounds for one well 16" or 24" @ non enclosed. To get comparative datawith LSC
testing.
Location at 15 feet below mudline.
Tests # Explosive Charge shape Casing Standoff Required Quantities
and length accessories
8 RDX N/A N/A N/A Well 16 or 24" One
Nondl initiator
Table#9: Results
Test # Explosve Number of Casing Target damages Photo Sonalysts
charges damages measurements
1 RDX engLSC 4
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2 RDX eng LSC 4
3 RDX bulk 1 N/A
4 RDX bulk 1 N/A
5 RDX engLSC 4
6 RDX eng LSC 4
7 RDX bulk 1 N/A
8 RDX bulk 1 N/A
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Equipment

Test#1:

Test#2:

Test#3:

Test#4:

Test#5:

Test#6:

Test#7:

Test#8:

30"g pile 1" thicknesswall

Linear shape charge filled with RDX & casing curved for the pile
Booster system

Scorpion System

Initiation system

30"g pile 1" thicknesswall

Linear shape chargefilled with RDX & casing curved for the pile
Booster system

Scorpion System

Initiation system

30"g pile 1" thickness wall

One Bulk charge 50 pounds with RDX
Booster system

Initiation system

16 or 24" gwell

One Bulk charge 50 pounds withRDX
Booster system

Initiation system

30"g pile 5/8" thicknesswall

Linear shape charge filled with RDX & casing curved for the pile
Booster system

Scorpion System

Initiation system

30"g pile 5/8" thicknesswall

Linear shape chargefilled with RDX & casing curved for the pile
Booster system

Scorpion System

Initiation system

30"g pile 5/8" thicknesswall

One Bulk charge 50 pounds with RDX
Booster system

Initiation system

Onewell 16 or 24" g

One Bulk charge 50 pounds with RDX
Booster system

Initiation system
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Acceptancecriteria

Test is considered successful if target isentirely cut.

M easur ements

After each tests target must be photographed to evaluate damages.

Targets must be cut perpendicularly to jet propagation.

Any remaining attachment must be photographed for eval uation of depth and shape of penetration..
M easurement must be done on Peak pressure, Impulse and Energy Flux.
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Gulf of Mexico testing — Sonar localization report
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Mesotech — 1000 Readings for Structure #37; Second Array Deployment = November 22, 2003

Lisang the Kongsberb-Semrad, Mesolech-1000, Seclor-Scanning
Sonar, MMS parsonnal took seabad-leval distance measurements
betwaen the sonar raflectors positionad at tha bottom of aach
downling of Sonalysts' ransducer array and the prmary tripod leg
{fram which 1he array was connecled — J1). Scanning wark
commancad onca the array was fully deploved and the workboat
{Capt. WA Bisso Jr) was sacuwred in position using the forward
anchor assembly and aff port and starboard winchas, After
deploying the sonar fram the port side, initial scans wera laken to
astablish reference poinis and the tripod's location. Each reflactos
was then defectad using a procass of increasing the gain (powar
audpuf) of the sonar and zeoming in on the largats’ location:
alectronically tagging each reflactors location using the M3-1000
softwara. Once all six (B) reflactors wara located and tagged, the
softwara package allowad for tha measurement of aach reflecior
position back 1o the tripod leg (see pictura right).

k
P Jachet Leg 1 \ SONAR
J1} THRS
1 o a0 ol &l REFLECTORS
] 57.91
3 BI.0G
1 15.61 s
E E130 L e dngw wd  we sepr URERE e " 4l
G 0.6 1 l L |
7] 2 4 %

The Mesatach work conducied an the Daerrick Barge, Boaz, coincided with the readings taken for reflectors 1 through 4, buf prop-
wash from a stationing lug preavented accurals measwements for farfiald raflectors 5 and 6. Because of tha closa relalive
distance betwean he MMS Masolaech and reflactors 5 and &, tha propwash did nol hinder accurata maasurements. In addition 1o
the piclura, measuremants fram the canler of Jackat Leg 1 (1) out to each respactive sonar reflecior ara included in the table
Ak,
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Annex |

Gulf of Mexico testing — Sonalysts test report

Revised 04-04-30
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Blast M easurements
on
Huber #97 and #120 Platform Decommissioning

November 21-23, 2003

Prepared for:

SNC Technologies Corporation
5, montee des Arsenaux

Le Gardeur, QC, Canada
J5Z 2P4

Prepared by:

Sonalysts, Inc.
215 Parkway North
Waterford, CT 06385
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Introduction

M easurements were made on November 22nd and 23rd on Huber Platforms #97 and #120 to determine the
underwater shock pressure pulse parameters of Peak Overpressure, Specific Impulse and Energy Flux Density at
each of 12 transducer positions resulting from explosive cutting of the piling legs and well conductors. On platform
#97, three piling legs were targeted (there was no well conductor at this location) with the first in trigger sequence
being a4.6-pound engineered charge and the remaining two 50-pound bulk charges. On platform #120, where there
was awell conductor, thefirst piling triggered was again a4.6 pound engineered charge, with the remaining three
50-pound bulk charges. Collected datawas compared to ARA model * projected levels. Transducer location data
was measured by both Bisso Marine and Minerals Management Service (MMYS) staff, using aMesotech M S-1000
sector-scanning sonar, in order to confirm the actual position of the array.

Huber #97 (left) and #120 (right)

= Dzwnewskl Peter T. and Fenton, Gregg, Shock Wave/ Sound Propagation Modeling Results for Calculating
0 Y 3 Y tructures, Applied Research

Assouates Inc January 20, 2003
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The measurement array was deployed off the stern deck of
the Capt. W. A. Bisso, Jr. 150" workboat, supplied by Bisso
Marine. After thefirst array deployment on Friday November
21st, it was determined that the piling where the Scorpion
(and engineered charge) would be deployed was not fully
jetted, so the array had to beretrieved after beingin the water
for over 6 hours. The array was redeployed at dawn of the
following morning, November 22nd, and the targets were
exploded. The calibration test charge showed that three
transducers were not working. Shock data and transducer
location scans were taken and successfully stored. The
engineered charge did not fully cut the piling, so the target
had to be exploded again prior to removing the structure.

On the following day, November 23rd, transducers that were
found detached from the previous day's measurements were
repaired. The cal test charge revealed that all transducers but
one were working. Unlike the previous day, there was much
difficulty in the array deployment at Huber #120 due to 4' to

6' seas, a snapped tie line, and the leakage in the air-driven
winches on the Jr. When the array was finally deployed, atug
assisted the Jr. to keep it in position to protect the arrays. The
targets were then exploded and the shock pressure data
recorded on the DL 750 ScopeCorder. When the operator went the stop the measurement (to store the data), the
ScopeCorder restarted and erased the data. The ScopeCorder uses the same switch to start and stop data acquisition
and when a new measurement is started, previous datais erased from the buffer. It is not clear if the switch bounced
(electro-mechanically) or the operator double-hit the switch, possibly due to the high vibration levels and wave
action swaying on the Jr. The operator did see the first four channels of the data and Wrote down the apprOX| mate
levelsto at least preserve some of the o 1
data. In addition, prop wash from the tug
and Jr. workboat was so strong that
neither the Boaz derrick barge nor MM S
sidescan sonars could successfully get
complete array position data.

The engineered charge did not fully cut
the piling again, and a backup charge had
to be employed.

Instrumentation

M easurements were made using a
transducer array consisting of 12 PCB
W138A Underwater Blast Pressure
Transducers (tourmaline) that were
configured with the first three downlines
having transducers (3) at 5, 15' and 25' vertically above the mudline. These nearfield downlines were positioned at
horizontal distances of 25', 50', and 75' from the charge position. The last three transducers were positioned at
horizontal distances of 100", 150, and 200" (farfield), with each one at 25' vertically above mudline. The blast
transducers were powered by PCB | CP power supplies, and then fed into a'Y okogawa DL 750 ScopeCorder where
data was measured and stored for later retrieval.
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For depth, speed of sound (derived from conductivity/salinity), and temperature measurements, aRBR XR-420 CTD
logger was used. At #97, both the Jr. and Boaz reported depth soundings of 50 feet: these were confirmed by the
CTD. The sounding depth of 40 feet was also confirmed by the CTD at #120 (wave action was +£3', so the CTD
readings were within wave action fluctuations). Following is the CTD data collected for #97 and #120:

Speed of

Cond Pressure Sound

Date Time (mS/cm) Temp (°C) (deciBars) Depth (m) (m/sec)
11/21/03 8:55:30 42.79 23.17 25.37 15.11 1523.39
11/23/03 14:44:40 43.29 23.03 21.59 11.36 1523.48

M easurements

Shock wave time data was gathered for nine of twelve channels at Huber #97 decommissioning for one 4.6 pound
engineered charge and two 50-pound bulk charges. Of the twelve transducers, three did not work: transducer E (50'
distance, 15' above mudline); transducer J (100" distance, 25' above mudline); and transducer K (150" distance, 25'
above mudline). Actual array position datawas also gathered using both the Boaz's and Jr.'s (MM S) sector-scanning
sonars, and this data has been integrated into the following datatables.

With regard to #120, only datafor the 50-pound charges (3) was "remembered” from the brief visual display and
only for thefirst four transducers. The 4.6-pound engineered charge levels were observed to be considerably lower
than the bulk charge levels.
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Peak Overpressure: psi

Slant

Slant Range
Range 50 1b 501Ib1 Legs 50Ib | 50Ib2| 461Ib 4.6 1b
Transducer| Leg 1 ARA Meas 2+3 ARA Meas ARA Meas.
A R25V5 40.3 1014.4 244.1 75.4 467.2 137.9 168.5 139.2
B _R25V15 46.0 863.0 281.6 78.7 443.5 167.1 160.0 140.3
C_R25V25 53.1 723.5 279.0 83.0 415.9 98.2 150.0 78.8
D_R50V5 60.6 615.3 192.5 96.4 346.3 90.9 124.9 86.7
F_R50V25 69.7 521.1 211.6 102.4 322.1 134.2 116.2 74.4
G_R75V5 89.3 384.5 151.4 125.2 251.6 64.1 90.8 45.5
H_R75V15 92.1 369.5 137.7 127.2 246.8 82.7 89.9 93.2
I_R75V25 95.8 352.6 83.3 129.9 240.8 118.8 86.9 119.0
L 25R200 214.7 131.8 41.2 249.9 108.3 26.8 39.1 10.1

Peak Overpressure Levels for #97 (ARA projected versus measured)

M easurements on #120 showed that the Peak Overpressure levels on the first four transducers (A through D) were
on the order of 400 to 500 psi for the three 50-1b bulk charge shots. Thisis higher than that measured at #97, but still
lower than the ARA predictions for a 35 foot slant range (no actual measured distance data is available for #120).

Impulse: psies

Slant

Slant Range
Range 50Ib |501b1 Legs 50lb |501b2 | 461b 4.6 1b
Transducer| Leg 1 ARA Meas 2+3 ARA Meas ARA Meas.
A _R25V5 40.3 0.399 0.140 75.4 0.196 0.069 0.045 0.016
B R25V15 46.0 0.354 0.193 78.7 0.188 0.017 0.043 0.012
C_R25V25 53.1 0.310 0.183 83.0 0.179 0.017 0.041 0.012
D _R50V5 60.6 0.275 0.108 96.4 0.156 0.054 0.036 0.010
F_R50V25 69.7 0.243 0.018 102.4 0.147 0.019 0.034 0.012
G_R75V5 89.3 0.193 0.081 125.2 0.122 0.054 0.028 0.006
H_R75V15 92.1 0.188 0.066 127.2 0.120 0.013 0.028 0.010
I_R75V25 95.8 0.181 0.044 129.9 0.118 0.016 0.027 0.008
L 25R200 214.7 0.087 0.030 249.9 0.063 0.022 0.015 0.004

Impulse Levels for #97 (ARA projected versus measured)
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Energy Flux Density: psi=in

Slant

Slant Range
Range 50Ib [ 50Ib1 Legs 50Ib | 50b2 | 461Ib 4.6 Ib
Transducer| Leg 1 ARA Meas 2+3 ARA Meas ARA Meas.
A _R25V5 40.3 34.695 | 3.589 75.4 6.735 0.813 0.700 0.132
B _R25V15 46.0 26.337 | 5.526 78.7 6.143 0.138 0.640 0.097
C_R25V25 53.1 19.499 [ 4.353 83.0 5.482 0.078 0.574 0.055
D R50V5 60.6 14.794 1.756 96.4 3.963 0.419 0.420 0.038
F R50V25 69.7 11.144 0.162 102.4 3.486 0.105 0.371 0.054
G_R75V5 89.3 6.636 1.009 125.2 2.252 0.280 0.244 0.013
H R75V15 92.1 6.201 0.678 127.2 2.177 0.047 0.236 0.057
| R75V25 95.8 5.725 0.259 129.9 2.083 0.082 0.226 0.054
L 25R200 214.7 1.070 0.090 249.9 0.506 0.051 0.058 0.004

Energy Flux Density for #97 (ARA projected ver sus measur ed)

M easured data shows that peak pressure levels are quite |lower than predicted by the ARA model (thiswas aso
experienced in the quarry measurementsin July). In addition, some of the transducers further away from the mudline
experienced higher levelsthan near mudline (5' above) counterparts. Thiswas also the case for #120 where the
highest level (about 500 psi) was observed at transducer C (25' distance and 25' above mudline). It may be that the
shock levels from the structures above mudline and closer to the surface are higher due to the lower impedance near
the top because of lack of mud/silt. Further investigation and many more data points will be needed to determine if
thisin an anomaly or is consistent among all structure types and condition. Also of noteisthe substantial difference
in dataresults for the two 50 Ib charges. Again, there are not enough data points to understand the reason for
difference.

Note: Sant ranges arein feet. A time constant multiplier of 6.7 was used for Impulse and Energy Flux Density
calculations.
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Lessons L earned

There were many valuable lessons learned in this study that can be carried into any future studies that may be done
on the Gulf structure decommissioning. Following isalist of some of these issues. While not exhaustive, the listed
items, if implemented for any follow up or similar study, will help to insure better array deployment and data
gathering.

« Anchoring of the transducer array was not optimal. The original plan had been to use alarge clump anchor with a
large float at the far end of the array and a direct attachment to apiling at the originating end with a heavy aircraft
cable strung in between from which down lines would be hung. This plan was changed and the array executed from
the stern deck of the 150" Jr. workboat. The Jr. was unable to keep its winchesin check, even under the smoother
seas at #97, and required atug on both #97 and #120 to hold her position. This, plus the severe vibration on board
the Jr., proved very detrimental to array deployment and subsequent measurements. Either a more powerful
workboat with properly working winches or the original clump anchor arrangement will be necessary for the success
of future measurements and array deployment.

« Prop wash from the Jr. and the assisting tugboat on #120 overshadowed the sidescan sonars (both Bisso and MM S
systems) to the point where no data could be measured regarding transducer position. Transducer position
verification is an important part of the subject measurements and sidescan sonar provides one of very few meansto
do so. This, in concert with the former issue, shows the need to implement a clump anchor arrangement with

external (still aworkboat) servicing of the array for deployment.

« Array deployment using multiple reels was difficult. The Jr. had no reasonable means (very few tiedowns) of
anchoring a cable reel rig, and although the cable reels used were satisfactory for alimited amount of deployments,
future deploymentswill benefit from amultireel system that can be anchored to the work deck of the host
workboat.

« Quality measured data (blast pressure transducer) was lost (not stored) at #120. There are limited (only two found)
devices capable of capturing time data at such a high rate (500kHz) for 12-16 channels with the needed high

dynamic range. Unfortunately, the DL 750 that was used has a data acquisition switch that is the same for the start
and stop function. Under lab conditions, thisis acceptable. Under adverse conditions such asthe high levels of ship
vibration and large swells (4-6' seas) encountered at #120, thisis difficult at best (asdemonstrated when an
experienced user "hit" the switch twice or it bounced mechanically). This showsthe need for aredundant system.
This could be asecond DL750 in parallel, or another |ess expensive and lower bandwidth backup storage system.
Thisisamust-address issue prior to any further measurements.

« Instrumentation was exposed to the elements. The weather did not present any major problems as far as the
measurement instrumentation, but it could have as the workboat had no place to shelter the equipment. Both the data
logger and sidescan sonar systemswill need proper shelter (a secure place on the workdeck where the equipment
can be installed for numerous array deployments) to protect it from rain and sun. Also, vibration/shock mounting

can beimp lemented. Thiswill help to reduce deployment time, aid in viewing dataasit comesin (no sun visors
needed) and will protect the equi pment from the environment.

« Communications systems were non-existent. One of the most difficult areas was communication. The arrays were
difficult to deploy and needed three to four personsto do it properly. In the meanwhile, the Jr. was trying to

maintain the position needed for the array to be fed out. Only hand signals and yelling were avail able as means of
communication. Furthermore, communication with the derrick barge, especially just prior to the shots, was minimal.
Any future work will require better communication systemsto bein place. High quality walkie-talkies would be

good, but noise canceling communications headsets would be a much better alternative unless a reasonably quiet and
strong workboat can be secured.

« Array downline ropes were stretching and causing undue stress on pressure transducer cabling. The next version of
the array should implement coated steel cable for downlinesinstead of rope. The difficulty will be having an array
that can be reconfigured with reasonable effort for varying depths at different structures. Thisisachallenge for the

Final report Backgrounds MMS

132



OlL PLATFORM REMOVAL USING ENGINEERED EXPLOSIVE CHARGES:
IN SITU COMPARISON OF ENGINEERED AND BULK EXPLOSIVE CHARGES
Background Documents

downlines, and cabling to the transducers and instrumentation, and will need to be carefully considered prior to any
new measurements.

» Many more data points are needed before similitude equations can be formul ated with confidence. Furthermore,
since the time waveforms vary considerably, it will be important to try to establish theories or demonstrable causes
for the variances.
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Annex J

Gulf of Mexico testing — Soil sampling data Gulf of Mexico testing
Bests available copies
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SOIL AND FOUNDATION INVESTIGATION
WELL NO. 11, BLOCK 2%, SOUTH TIMBALIER ARES
GULF OF MEXICO

L I I

Report To:
TENNECD QIL COMPANY

Lafayette, Louisiana

® B B B B

Submitbed By:
FUGRD INTER, INC,

Houston, Texas

L S

February 1984
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-

FUGRO INTER, INC. CONSLULTING GEQTECHNICAL ENGINEERS

1N GE Harwin, Suite 170, Houslan, Texas 77056
Frane (T3] 40 Faama ] T TTI8ES

February 10, 1984
fepart No. 83-1109

Tenneco D11 Company
Castern Division

Post Dffice Box 39200
Lafayette, Louisiana 70503

- Attention: MWMr. J.V. Himon

SOIL AND FOUNDATLIOM INVESTIGATION
- WELL WO. 11, BLOCK 22, SDUTH TIMBALIER AREA
GULF OF MEXICO

Cent leman:

Submitted here iz the report on our study of soil and foundation condi-
Lions ab the ahave locstiem. This study wes asuthorized by Mr. H.C. Melancon
= per telex dated Decembar 14, 1983.

Freviously, 8 jeck-up leg penetration study was conducted Tof Lne RAN-
DOLPH YOST based uwpon data obtained during the Field investigatbion. [he
results were submitted in our report dated December 27, 1983. Due to the
possibility of @ punch-Llhroogh occuccing during penetration, the preloading
operation was observed end leg penetrations monitored by an engineer from
Fugro [nter.

The Following report contains the cesults aof the leg penetration monitor-
- ing, as well as final design information for axisl load capscities and lateral
g0il resistance (p-v) data for 3= and 4B-inch MN driven pipe piles. & com-
plete description of the field investigabion and lsboratory testing program is
also Lncluded,

We appreciate the opportunity to be of service to you and look Forward Lo
contirued association on future projects. Plesse call us iF you heve any
=% questisns.
Yery Lruly yours,
FUGRO INTER

HiT el
= i les Fo Rickett

Staff Egginear

Vincent f, Hagli
Projeclt Wanager

CFR/SYPB L
Copies Submitted: 5
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SUMMARY

in invezstigat ion was rondocted to determine snil and Foondat ion eonditions
at a proposed exploration site (Well No. 11) in Block 22, South Timbalier

- Area, Gulf of Mewico, Sobl conditlons were determined by drilling and saap-
ling to a depth of 304 feet below the seafloor and field and laboratory tests
were performed to determine pertinment physical properties of the foundalion
goils., AL the time of the rield irwestigation, the average messured waler
depth was 49 feel.

— The foundation soils at the boring location comsist of soft to stiff
olive gray clay to a depth of 122 fFeet below the seafloor underlsin by alter-
nating layers of medium dense te dense olive gray sandy silt and silty fine
gsand to a depth of 282 feet followed by stiff to very stiff olive gray clay to
the boring termination depth of 304 featb.

A leg penetration and rig foundation stability study was pecformed for
the jeck-up RANDOLPH YOS! and reported in a separate report dated December 27,
1983, Based on this study, final penetrations of 45 to 55 feel were predicted.
Because of a possible punch-theough, the preloading operabtion was observed and
ley perelralions soodilored by an oengloeer Prom Fugre Inter. A punch-bhrough

_ did not occur and a maximum penetration of 43 feet was cecorded.

Ultimate compressive and tensile capacities and p-y data were computed

For 36= =nd 4B8-inch 0D pipe piles. An ultimate compressive capacity of 5300

kips ig mveilable for the 48-inch OD pipe pile at the boring bermination depth.

Higher driving resistance should be anticipated while driving Lhrough bhe
medium dense to dense silta and sands between 122 and 282 feet below seafloar.

& driveability analysis is recommended to determine minimum pile wall thick-

nass and hammer size.

The ulbimalte mudline bearing capacity is 2500 pounds per square Foob.

Fucen
S0l max
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THTRODLICT IOW

The irweatigation repncted bersin was performed For Tepneco Dil Company
for a proposed exploration sile (Well No. 11) locsted approximately e00 Feet
feom the West linme (FWL) and 2100 fest from the South lime {FSL) of Block 22,
South Timbalier Area in the Gulf of Mexico.
The objectives of the investigalion were ta determine subsurface condi-
tions at the proposed offshore explocation site, predict leqg penetralions for
Lhe jack-up explorabion rig RANDOLPH YOST, and develop criteria and recommen-
— dations for design and construction of a pile foundation for a Future Fized

plat form. These objectives were accomplished a3 Follows:

1. A& brring was drilled to determine snil stratigraphy al the
lecation.
2. Field amd laboratory tests were performed Lo define the perti-
nent physical characteristics of the soil.
3. Engineering analyses based on an assessment of the Fleld infar-
mation and laboratory tests were pecformed Lo estimate leg
- penetration and assess foundation stability for the jack-up rig
HANDOLPH  YOST. Criteria and recommendalions for design and
construction of J6- and 48-inch 0D pipe plle foundabions ware

also developed,

The results of the leg penetration study were presented in a report to

Tenneco 0il Company dabed December 27, 1983, The preloading operation and leg

5 penetrations were monitored by an engineer from Fugeo Inter bebween Decembes
30, 1985 and Januarcy 3, 1984,

Subsequent  sections of this report contain brief descriptions of the

Field investigation, labaratory testimg program, and the general seil condi-

fosen
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i tiong at the site., Leg penetration monitorimg resulis are presenbed. Recom-
mendations are included on axial pile capacities, factors of safety, lateral

apil resistance, pile installation and mudline bearing capacity.

Funeo
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FIELD INVESTICATION

The field program consisted of investlgating soil and foundation condi-

tions to a depth of 304 feet below the seafloor &bt Lhe approximate location of

- the proposed Well Mo. 11. A =single soil boring was drilled at 619 feet From

Lhe West line and 2144 fest fFrom the South line of Block 22, South Timbalier

Area,  The corresponding Louvisiana South Zone Coordinates are x = 2,389,989

ard ¥y = 121,716, The borlimg lovalion was established by Odom Offshore Sur-

veys, Inc., contracted by Tenneco 0il Company. The drilling and soil sempling

= operation was conducted from the jack-up barge, MY WAYNE DICKENSON, cwned and

operated by Dtis Engineering Corporation. A prior akttempt had been made to

perform the field investigatien from the four-point moored HM/V KARA SEAL, but

due to existing pipelines and struetures very near to the intended location,
the attempt was aborted,

The water depth was measured with the ship's echo sounder, by the length
of the drillstring amd with a8 wireline technigue. Average water depth using
these procedures was 49 feet, These measurements were made abt approximately
0500 hours on December 21, 1983, and they have not been corrected for tidal
variations. Uging the wireline technique, o weighl is connected to o wirc-
line and lowered slowly to the mudlime. A depthometer records the amount of
wireline reeled off when the weighl reaches the mudline. The procedure was
repeated until a difference between two consecubive water depth measurements
was leas than one foot.

The boring wes drilled through an open well, Fabricated through the declk
and hull of the M/V WAYNE DICKENSON, with & conventional rotary drilling rig,
using 3-1/2 inch 00 IF drill pipe with an open-ended bit. GSamples were baken
semi-continuously {about 3I-foo! intervals) 1o a depth of 42 feet and at 10—

foot intervals thereafter to a termination depth of 304 feet. Soils were

s fueaa
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sampled with a 2-1/2 inch 0D thin-walled tube sampler. The samplers were
driven with a 16%=-1b. sliding hammer attached to the head of the sampling

=3 apparatugs. The sampling unit was lowered through the opening in the drill
gbkring and operated with a wireline, The haemmer was raised with the wireline
approximately five feet and dropped a sufficient number of bimes to obtain 18
bo 24 tclws of sanpler permboalion vr wilil deiviomg L'r.tiiul‘-wu..:i: Levome caveo-
sive. The actual length of each sample was measured after retrieval of the
sampler and this value was used Lo compute the average number of blows per
foot of penctration required bo sdvence the sampler at thab depth.

The soil samples were extruded from the sampler, examined and visually
classified by a =pils engineer and technician onboard the drilling vessel, A
part of each cobesive sample was tested in the laboratory onboard the M/Y
WATYHE DICKEMSON to determine soil shear strength and unit weight. Remaining
portions of the cohesive samples and a part of each coneslonless so0ll sample
were then sealed in moisture-tight containers for trensportation to our
laboratory in Houston,

Begcriptions of the soiles encountered in the boring are given on the

H left-hand portion of the Log of Boring and Test Results (Plates 1 and 2),
along with a graphical symbol for the various types of soil encountered
and sampler blowcownt informalion. A key Lo soil classificetion and symbols
used an the log is presented on FPlate 3.

A chronologicael summary of Field activities for the soil investigakion

performed at this location is given on Plate 4.

- Fuema
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FIELD AND LABDRATORY TESTS

The field and laboratory testing program was desigoed to evaluale the

pertinent physical and engineering properties of the foundation seils encoun-

_ tered at the boring location, The testing program was performed in Lwo

phases: (1) field strength and unit weight tests were cun on cohesive soils

in the laboratory onboard the drilling wessel, and {2} soil identification-

classificebion tests and additional strengkh tests were pecformed in our

Houston laboratory to gain more detailed information on the pertinent physical
properties of all soils encountered in this investigatian,

Onboard the drilling vessel, miniature vame shear bLeskts were run prioer to
extruding samples from the thin-walled tube sampler. Strength tests were also
pecformed using & Torvane device. The detailed laboratory strength testing
program incloded wnconfined and triaxial compression tesks.

Laboratory test results are presented graphically on the Log of Boring
and Teat Results {(Plates 1 and 2}, and a tabulation of numerical test data is
given on the Summary of Test Results (Plate A-1) in Appendix A. Procedures
for all tests are presented in Appendix A, together with stress-strein curves
for selected skrength tests on clay samples and grain size diskribution curves

and lrisxial compression test data for granular soils,

funro
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CGENERAL SOIL CONDITIONS

Snil Stratificatinn

A detailed descripbtion and summary of Lest results of the snils ancoun-
B tered at this site are shown on the Log of Borilng and Test Results (Plates 1
and 2). The foundation soils at the boring locatisn can be divided into seven

generalized strata as follows:

) Lepth, Ft.
Stratum From To Soil Description
1 i 122 Soft to Stiff Olive Gray Clay
11 122 172 Medium Dense Olive Gray Sandy Silt
111 172 0z Medium Dense Olive Gray Silty Fine
- Sand
v 0% ¥ Medium Dense Ulive Lray Sandy S1lt
L) 252 82 Dense 0Olive Gray Silty Fime Sand
Vi 282 304 SLiff to Wery Stiff Olive Gray Clay

Mimor textural and color variations and inclusions of other types of soil are
moted on the Ilng of HAorino and Test Reaults [(Plates 1 and 2.

¥ [he previous leg penetrstion predictions and recommendations for pile
design presented in this ceport are based on the assumption that soil stratbi-
graphy and conditions disclesed by this Ffeundation boring are continuous
throughout the general area of the proposed exploration site. Consideralion
of possible atrabigraphic changes, Faulting, or other differences that could
influence leq penetration, jack-up stability and fixed platform foundation

design is beyond the scope of this inwestigation.

s0il Properties

Hased an an eveluation of Field and labaratecy results, a corve of the

shear strength variation with depth was developed for the cohesive soil ab the

S0l max

Final report Backgrounds MMS

144



OIL PLATFORM REMOVAL USING ENGINEERED EXPLOSIVE CHARGES:
IN SITU COMPARISON OF ENGINEERED AND BULK EXPLOSIVE CHARGES
Background Documents

s5ite. The interpreted shear strength wvariation profile is shown on the soil
properties plot on Flate 6 as well as on the Log of Boring and Test Results
iFlates 1 and 2Z) &3 a heavy sollid line. The average submerged unit weights
between the indicated depth intervals are alsc provided in Plate &,

Design strength parameters for the grarular material encountered at this
site were selected on the baais of grain sice disblribulivoe, sempler bluewcooeil
information and Lhe presence or absence of clay seams of poekels in these

= strata. Interpreted soil parameters and submerged unit weights for these

gtrats have also been summarized on Plate &.
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ANALYSES AND RECOMMEMDATIONS

Jack-1p Leg Peretration
A detailed description of the leg penelbration/foundation stability evalu-
- ation was presented to Tenneco 0il Company in our rceporl dated December 27,
1983 entitled "Jack-Up Leg Penetretion Study, Reasding & Bates RANDOLPH YOST,
Block 22, South Timbalier Area, Gulf of Mexico". Within the upper clay stra-
tum; © gos-charged sondy silt zone wos encountered between 43 and 48 feet
below seafloor. Hecause the lower-bound shear strength enwvelope indicated
i Lhat there could be enough leg penetrabion to cause the spud cans of the
jack-up Lo temporarily stop penebrating due to this silt zone, a sudden, addi-
tional peretration or "ponch-through" was a2 possibility during preloasding.
S5ince & punch-through was considered possible, the preloading operation and
actual leg penetrations were monitored by an engineer from Fugro Inter during
the jack-up and preloading of the RANDOLPH YOS5T at the Well Mo. 11 site.

Baeed en Lhe rangs of interpreted shear stremngith selected prior Lo the
arrival of the rig on location, a final penetration with 100% preload was
predicted to be from 45 to 55 feet from the mudline to spud cam Eip. 1IFf the
ohserved penetrations were close to the lower bound prediction of 55 feel, then
the chances af a punch-through would be increased. The actual maximum observed
spud can penetration was 43 feet. The laboratory testing program performed
subsequenlly confirms the previously selected upper bound shear strength as
Lhe design poofile.

Recent observations 1n soll conditions simlar Lo Lhose encouniecel sl
this site indicate that, on peceasion, the spud can holes do not collapse and
Fill the vold cpeated as they penetrate, This collapse may occur ab some
= period of Lime afler initial peretration or not at all. lnder cerbain condi-

tioms, penetrations may not reach those predicted becsuse spud can holes have

Fuceo
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0

nat eollapsed as assumed in the analyces.

Since there were some gas bubbles observed in the vicinity of the aft
spud cans, divers were brought in to inspect the seafloor to locste [he source
of the seepage, While Lhe divers were down confirming that the maln source of
the seepage was Lhe previcusly drilled soil boring, they also inspected the
B spud can holes and confirmed Lhabt the holes had not cnilapﬁad..Thia inspection
was performed approximately 16 hours after the spud can holes were formed.

A summary of field activities for the leg penetration monitoring program
is shown on Plate 5, Actusl observed penetrations For the bwo aft legs are
plotted over the predicted curve shown on Plate 7.  The heavy dashed line
ghown on Plate 7 indicates the maximum influence Chat open spud can holes can
have on penetrations at this site. As can he seen, there is & wery gond
= correlation between the observed penstration behavior for the aft legs and
that expected for the open spud can hole conditisn.  The bow leg, located
spproximately 200 Feet Northeast of our soil boring, esperienced a maximum
penetration of 37 feet. Also shown in the lower left hand cocner of Plate 7
is @ Sile Plan, Lllustrating the relative locations of the oLl boring and the

= RANDOLPH YOST'S spud cans,

= Axial Pile Capacity

The ultimale compressive {axiall load capacity {0}) of a pile for a given
penetration is the sum of the skin frictional capacity {qs} and the end bear-

ing capacity [Qp}:

A and Ap represent the embedded pile surface (skin] area and pile ond
ttotal crogs-seclional) area, respeclivelys F and q@  are the unit skin fric-
Lion and unit end bearing resistance, respectively. The end beacing lerm

= E*~'-|"'-I:|: in bhe equation bs neglecied when caluedaling wllieace tensile Cpul bout)

fucmno
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1

load capacity of a pile. The API RF 2A Criteria (Jsnuary 1982), described in
Apperdix B, was utilized im caleulating axial pile capacity. The soil strati-
graphy, wnterpreted strength parameters and submerged unit weights used in the
axial pile capacity computations are presented on Plate &, Varisbtions of unik
skin friction with depth are shown on Plate &.

Umit emd bearing varistion with depth is also shown oo Plale &, These
values were calculated using the expressions in Appendix # and represent
s values of unit end bearing at specified points. However, if st any depth, the

end bearing capacity exceeds the cumulative Frictional capacily, the total
capacity at thabt depth is limited to twice the frietional caspacity {i.e.,
friction along the outside of the pile plus the comporent along the internal
plugl. This situation can ocour if granclar sediments or overconsolidated
- clays are encountered al shallow depths. If suwch conditions prevail, an
eyuivalenl wiil ool beariog is coonpuled based on end bearlng capaclty belng
egual to frictional capacity.
The results of Lhe pile capacity analyses for 36- and 48-inch 0D driven
pipe piles are pressnted in the form of the pile capacity versus pile penebra-
- tion curves on Plates B and 9. An ultimate compressive capacity af 3300 kips
ia available for a 48-inch OO pipe pile at this location at the baring termin-
at ion depth of 304 feet,
Factor of Safety. The magnitude of the factor of safety to be used with
the ultimate capacity should be selected after giving consideration to several
— factora: (1) storm frequency, {2) wave and current forces, (3) economic
importance of Lhe structure, [4) sensitivily of the structure to vertical
movomont , and {5} mothodas wosed in doteemining subsurfece conditions and
predefermining pile capacities. Assuming that the piles will be designed for
enviranmentel loeding with appropriate drillifg or producing loads, a factor

of safety af 1.% wae nasd tn Agenerate the recammended capacity curves ehown on

= fusro
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Plates 8 and 9, This factor of safety is consistent with recommendsbions in
AFL AP 2A. Factors of safety appropriste for other loading condibions, such
as Tor conductor piles, should be considered separately.

Lateral Soil Resistance. Behavior of foundation piles subjected to

lateral and overturning loads will be esvaluated with a computer program in
which the loktcral a0il reasistance {(p) in powds pec Dioess doch, Ls expressed
as 8 nonlinear function of pile defleetion (y)} in inches. The relationship of
== these paresmeters is a funcltion of the spil stress-strain characteristics,
depth, pile diameter, and soil shear strength. Development of the p-y values
recommended in this report was based on Matlock's Criteria (1 for clays and
fepse's EI'.*LU::'JLE&“:I for cohesionless deposits.
The p-y values for 36- and 48-inch OD pipe piles presented on Plates 10
- and 11 are for the soil sbtrata encountered for the first 100 feet below the
mudbline.  These dala are glven In tabular form to facllitate lppul into a
computer program.

Pile Instellstion Considerations. Piles should be capable of being driven

tn a depth which will achieve a desired capscity without jetting oe drilling.
- A significant increase in driving resistance should be expected while driving
intp the medium dense to dense sandy silts and silty sands below a pile pene-
tration of 122 feet. We recommend bhat a driveability analysis be performed
Lo determine minimum pile wall thickness and hammer requirements to pecmit Lhe

final penetration depth to be reached by driving alane.

(13 Mallock, Hudson, "Correlationmz feor Design of Laterally Loaded Piles in
Saft Clay", Presented at the Second Annual OFfshare Technology Confer-
anca, Houoton, Towao 1970.

{2} Reess, Lyman C., William R. Cox, and frencis D. Koop, "Analysis of
- Lateral ly Loaded Pilea in Sand", Presented sk the Sixth Annsal Offahore
Technology Conference, Houslon, Tewas, 1974.

funeo
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= Mudline Bearing Capacily. Mudline bearing capacity at this location was
camputed wsing Lhe soll properties shown on Plale & and bearing capacity
tneory for shallow foundations. The ultimate mudline bearing capacity ab this
location is 2500 pounds per square foot {psf). A safety fasctor of 2.0 is

recommended in computing the allawable bearing capacity at the mudline.
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KEY TO SOIL CLASSIFICATION AND SYMBOLS

SO TYPE FAMPLE TYPE
- i Shown ia Spmbed Colema ] fShawn dn Somples Cokema)
Sand il Clay
T
; ] N
FILL Sandy Sliry Chayey Undisturbed  Wison Test  Split Spotn Ho Recovery

Predominant typs shaws heowy

B - a

_TERMS DESCRIBING COMSISTENCY OR CONCITION
COARSE GRAINED SOILS  (Majer Porticn Retained on Ho. 200 Sieva)

Incisden{l]) claan graveis B sond described o fine,madium or coorse, depanding on distribution of grain sicas B{Z} sllty or
clayey grovels B sonds (3) fine qrained low plasticlty soils (Pl < 10] such os sandy silts. Condition 13 reled sccording lo
rabative demnity, an determinsd by ab lesls of eslimaled from resislancs 1o sampler penatratien.

Daseriplive Term Penstration  Ressionce ® Ralodive Densilty

o Leose 00— 10 0 fla 40
Madium Dansa 10 =30 43 ta TO Vs
Denas 30 =50 TO e 90%
Vary Dansa Owar 50 90 1o 100 %
B * Blows, /%, 140 hammer, 30 drop

FINE GRAINED SO0ILS (Major Portion Passieg No. 200 Sieve)

inclades {1} inorganic B ocganic silts B clays,(2) sandy, gravelly or silly clays, B{3) clayey siita, Consiatency i raied
according bo shaoring sfrengttyas indicoted by pensimmeter reodigs or by unconlined comprasion beits for soila with P12 10

Descriptive Cohesive Shear Slraagth
Term Tons /'S, F1.

Wary Sall Less Than 0,125

Saf 0.I258 s 0258

Firm 0,25 te D50

SHiff .50 ts 1.00

"-‘l-rs' Saife 1.00 te 2.00
2,00 aad Higher

Ll -H.me AND FIESEEED CLAF MAT BAVE LOWER UNCONSTRED COMPRESSIVE STRENGINT
OF FEANES OF WEARNESE OR ENRINEAFE CRACKE]

SMOWN ABOVE, BTCANTE
m.r:rmr RATINEE OF SUCH SINLS ARE BASED O NAND PENETAOMETER FEADNGS

TERMS CHARACTERIZING S0IL STRUCTURE

Parting" paper thin in size Flacculaled : paricating 1o cohesive soils that exhibit
M o loase keit or flakey elructure
= Seom: i/d"=3" thick
- Shckansided = harving inclinad e of weaknass that
Layer = greater fhan 3 are shick ond g in oppenrance
i Fissured® conbaising shrinkoge crocks, frequently filled DEGREE OF SLICKENSIDED DEVELOPMENT
with Tine somd or it wawally more of less vertical Slightly Stickersided: slickensides present ol intervals of
Sensilive:  perioining %o cobesive sails that ore subject ta I= 21 soil does not ehsily breck
oporeciabie loss of strengih when remalded aleng thess plores
- wierbeddad:  compaied of alernate layers of ditferent i i A o
HI Tjppes mh‘
Lomingted-  compoied of fhin leyere of voryieg coler ond laslur  Edremely Shckensid il and [t etted slicken-
sides spoced of intervals of 4 =127,
Cocorecus:  confaining appreciable quanitiss of ealsivm soil breaks along 1he slickensides
carbanate inla pieces 3 -6 In size
Wall Graded: having wide rangein grain sizes and substanfiol Intersely Slickensided: slicksnsides_spaced gf infervaty of
amaunts of ofl infermadiats partide sies : ; Iy Ehan ul":‘zp:ihmn in an
Puaor by Groded: predominately of ona groin site, or having o ranges diractions ; sail breaks down along
of siran I\Mlll'l- same intarmadials size i NN plones infa nodalss 1/47=2"n size
FUGHD INTER, IHC PLATE 3
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SUMMARY 0OF FLELD ACTIVITIES
SOIL AMD FOUNDATION TNVESTIGATION
WELL NGO, 7T, BLOCK 27, S007TH TIMBALTER AREA
GULF_OF WExicn
i
s TIME
& NATE FROM 10 DESCRIPTION OF ACTIVITY
12/19/83 #3:00  24:00 Fugro Inter crew and equipment enroute Lo
Martin Fuel Dock, Fourchon, Louisiama From
Houston, Texas.
12/20/83 0000 08 :00 Enroute to Martinm Fuel Dock, Fourchon, Louisi-
BNa.
0A:00 11:30 Standby, waiting for trucks with drilling
equipment to arcive.
11:30 17:00 Loading eguipment. Welding equipment to deck
of jack-up barge M/YV WAYME DICKENSON.
17:00 17130 Loading drilling mud abl Baroid dock:
3 pallets zeogel; 160 bags loaded,
3 pallets barite; 120 bags loaded.
17:30 12:00 MY WAYNME DICKENSON enraute to Well Mo, 11
site, Block 22, South Timbalier Area.
19:00 19:30 Jacking up on slie.
& 19:30 21:30 Awaiting final check by surveyors.
21:30 24:00 Standing by to begin drilling. Position is
x = 2,343,080, v = 129,716, (£19 FWL, 2144
FSL}
12421/R4 an:0o0 01:00 Standing by.
01:00 0% :00 Rigging up to begin drilling.
15 03:00 05:00 Maintenance on mud pump.
05:00 06 :00 Prepare to drill: Water depth = 48" with
wireline; 50' with echo sounder; average = 49
fest.
0&:00 19:00 Drilling, sampling and testing. Terminabtion
depth = 304 feet.
19:00 19:30 Rigging down,
19:30 21:30 Transit to Martin Fuel Dock.
21:30 23:00 Loading all equipment except drill rig onko
truck for trensit to Houston.
C23:00 24:00 Standby waiting on larger crane.
12/22/84 00:00  02:00 Loading drill rig onto truck.
=3 0z:00 0%:00 Unloading deilling mud abt Baroid dock:
A0 boga Zeoqol robturncd.
75 bagz weight (barite) returned.
03:00 11:20 Fugroe Inter crew and equipment enroute Lo
Houstean.
= . . i PLATE 4
sollmax
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SUMMARY OF FLELD ACTIVITIES
LEG PENETRATION HONITORING
READIRG ARD BATES RANDOLPH YOST
WELL NG. 17, BLOCK 22, SOUTH TIMBALIER AREA
GULF OF MEXICO
$ T
2 DATE FROM 10 DESCRIPTION DF ACTIVITY
]
12/30/83 05:32 o515 Fugru Loler englneer V. Baglioni encoute Lo
Houston Internoontinental Mirport via Fugro
vehicle,
06:15 07:00 Parking Fugre vehicle and awaiting departure
of Flight tao Lafayette, Louisiana.
07 =00 0745 Traveling te Lafayette via commercial air-
craft.

- 07:45 0B 30 fraveling to Tenneco of fice with Moble Denton
aurveyor Heinrich Magel and Reading & Bates
superintendent Sam Houtbte via Aeading & Bates

- vehicle and await ing meet ing.

0830 09:30 Meat ing with J. Simon, H. Nagel and 5. Boulte
at Tenneco office.
09:30 15:45 Traveling te Fourchan, Lovisiana via Reading &

N fiates vehicle. -

13:45 15:00 H, Wagel and 5. Boutte inspecting tow boats.
Awaiting transportation to rig.
15:00 15:10 Traveling to rig RANDOLPH Y0ST via helicopter.
Rig on location at “C" Platform, Block 22,
Suulh Timbal ier Area,
15:10 24:00 Waiting onboard For rig to transit Lo new
locatian.
12/31/83 00:00 24:00 Waitinmg for rig to transit to new location.
= 11:45 Begin skidding in cantilewver.
1400 Raising deep well.
16:45 Begin jacking.
17:15 Hooking up tow lines to tugs, begin pulling
and jetblimng on legs.
01/01/84 0a:00 00: 50 Jetting legs free.
10250 07:20 Standing by for daylight Lo move rig.
07=20 08:10 Jacking legs free of botbom,
0a:10 09:40 Inder tow to Well No. 11, Block 22, South
== Fimbalier Area, positioning on location.
09:40 10:30 Fozition confirmetion; location approval.
10:30 10:53 Jacking up to 8 foot draft. Spud can tip

o penetration = 12 feal,

10:53 12:00 Raising hull bto clear water. Spuwd can Lip
penetration: port = 23 feet, bow = 22 fest,

_ starboard = 23 feet. Initial leg loed = &640
kipe.

12:00 16:00 Jacking up to a S5=foot airgap. Preloading to
50% (aporowimately 5400 kips).
FUGRO INTER, INC. . PLATE 5
sollmax
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SUMMARY OF FLIELD ACTIVITIES
LEG PENETRATION MOMITORING
READLNG AND BATES HAKDOLPH ¥OS5T
WELL NO. 11, BLOCK 22, SOUTH TIMSALIER AREA
GLLF_OF MEXTCO

s
3
2 TIME
5 DATE FROM — 10 DESCRIPTION OF ACTIVITY
/01784 16:00 16:30 Monitoring preload. Spud can tip penetrations:
(Cont'd.) port = 32 feet, bow = 24 feet, starboard = 27
Feet .
™ 16:30 17135 Continue preloading. At 6800 kips preload,
additienal penatration reduces airgap ta 2
feet.,
17:35 18:10 Mumping most of prelead. Jacking baclk wup to
5=foot airoap. Spud can tip penetrations:
bow = 29 feet, port = 34 feet, starboard = 37
feet.
18:10 22:064 Continue preloading, Full preload of 10,817

kips applied. Leg load = 10,250 kips, V.
Haglioni recommends holding preloed 2 hours,
- 22:04 23:08 Haolding prelosd, Rig settles to 1 foot draft
on stern. At 2250 hours, spud can tip pene-
trations: port = 42 feet, how = 36 Feeb,
starboard = 41 feet.

23:06 24200 Dumping preload. Jacking up to drilling air-
gap.
i 01/02/84  00:00  06:30 Awaiting transportation to shore.
0&6:30 07:00 Aubbles observed near well site. Meeting to

discuss situation, W. Baglioni sugoests that
bubbles are escaping from lower sand layer
through previous soil boring hole. Decision
to call in diver to check if air {gas?) is
seeping from around spud cans. MNoble Denton
and Reading & Bates decide to skid cantilever
in, Jjack down to minimum airgap and reapply
preload to kry to get additional penetration.

07:00 11:00 Prepare for preloading.
11:00 16:45 Reapply preload of 10,817 kips.
12:30 14:30 Divers inspecting source of gas. Bubbles are

goming rom previous borehole. Spud can holes
are observed to be apen by divers.

13:30 14:30 Safely meeting.

16:45 17:45 Holding preload, Monitoring penetratiocn.
Final penelralion = 37, 42 and 43 for Lhe bow,
starboard and port legs, respectively.

i 17:45% 18:15 Dumping preload.
18:15 1300 Jacking hull up to drilling airgap.
15:00 28:00 Awaiting transportation to shore.
FUGRO INTER, INC, Bl ATF 5a
soil.max
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SUMMARY OF FLELD ACTIVITIES
RTION MO

. e i A B

¥
READING AND BATES RANDOLPH YOST
WELL NO. 11, BLOCK 22, SOUTH TIMBALIER AREA

GOLT 0 FEXTED
g
2 TIME
e DATE FROM 10 DESCRIPTION OF ACTIVITY
01/03/8s 200 07:30 Awaiting transportation to shore.
a7:30 07:40 Traveling to Fourchon Base vie helicopter,
a7 &0 11:20 Traveling ta Lafayetle via Resding & Bules
L vehicle.
1150 1340 Awaiting departure of flight te Houston.
1340 10130 fraveling to Houston Intercontinental Airpart
via commercial aircraft.
14330 15:45 Picking up Fugro company vehicle at Satellite

Parking Lot and Eraveling to Fugro office.

FUGRO INTER, INC. PLATE b
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B U= S

S0IL. PROPERATIES UNIT SKIN FRICTION
UNDRAINED SHEAR STRENGTH, 5, KIPS PER SQFT 1, KIPS PER SQ F1
a 0.6 1.2 1.R 2.4 1.0 2.0 3.0
a T T T
} |
_
¥' = 46 FCF I
50| N {
aay I
100 — \ N /
/ {122')
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$ = 28° [+' = 55 FCF 3 \ TENSIN
FH  sanDY LY COMPRESS 10N
m 150 Ff st L} t
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m care iR i LIMIT
# = 30% [y = 55 fcF Y sILTY £ ev7 s
SAMD =1.
W 200 —— (202 fre] boialii)
o m —
W 4 = 25° '* = 55 RCF SAMDY =1.
g ¥ s e £ [ pypr= 1% KSF
£ |
w250 (252" 1
o ) =
¢ = 30" [y' = 60 FCF 4] sILTY ”
czazt ) i A4 SAND S rmrr T KSF
LAY /
300 '
e g e p—— L L ' ey P .~z
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350
| NOTE: CURVES COINCIDE EXCEPT
{ WHERE INDICATED
400 “ | |

UNIT END BEARING
q. KIPS PER SQ FT

[s] &0 a0 120 160
T (23
|
1
Q
_P 100
| =60 KSF
e—T Y mr T
150 m
o
9 gy 100 keP——t |
— S— —205 m
-
T 780 KSE M
250 W
A pupy=100 KsF ———1— |
a2
)
400

APT METHOD

SOIL PROPERTIES AND PILE CAPACITY DATA
WILL NO. 11, BLOCK 22, SOUTH TIMBALIER AREA

GULF OF MEXICO

FUGRO INTER, INC,
Consulting Sngineers and Gealogists

PLATE 6
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LABDRATORY AND FIELD TESTS

CONTENTS

Page

CLASSIFICATION TESTS
Moisture and Plasticity...ecesesenasninssnasiaannss i
Grain Size ANALYSiS....iesesnnssansnssnsnnarsnnsras i

STRENGTH TESTS

Miniature Vane........cvsuveroserarvanvanorannnnnsas ii
" LT 7 1 E U PP ii
Unconfined Compression..caee.s T L T LT m———— il
- Triaxial ComMpLeSSion. . sessessnssnssasnssnnasnnasns iii
Uncansol idated-Undraingd. cossss svansnssrinsanas iii
- Consolidated=Drained. .. :iavcicssissiscsanscncs iv
Multiple-Stage.ic.ciccaisinisininissaaasinniaia v

APPENDIX ILLUSTRATIONS

Funeo

S0l max

Final report Backgrounds MMS

166



OIL PLATFORM REMOVAL USING ENGINEERED EXPLOSIVE CHARGES:
IN SITU COMPARISON OF ENGINEERED AND BULK EXPLOSIVE CHARGES
Background Documents

CLASSIFICATION TESTS

Moisture Contenl and Plasticity

Field classificalion and uniformity of strength are verified by natural
moisture content and liguid and plastie limit teats performed in eccordance
with ASTM Frocedures DZ216-80, D423-65, and D424-59, The liquid limit repre-
senta the moisture content of the soil at the time of deposition when the soil
is in & liquid condition, and the plastic limit is the moisture content at
which the soil behaves as a semi-solid. Soil is plastic at moisture contents

= between the liquid and plastic limits,

The results of moisture content and plasticity tests pecformed are

plotted on the boring logs, and are tabulated in the Summary of Test Results

following the text of this Appendix.

Lrain 31Ze Analysls

Grain size analyses are performed on representative samples of granular
goils in accordance with ASTM Procedure De22-63 and D1140-54. The selection
of angle af frickion, 4, for determinabtion of engirsering parameters is based

— upon grain size distributions. Results of these tests are presented as

gradetion curves following the text of this Appendix.
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s STRENGTH TESTS

Minioture Vone

This test is usuvally performed in the field on & cohesive sample priar to
its removel from the sampling tube. Any disturbed soil in the bottom of the
tube is removed, and a small 4-bladed vane is inserted into the undisturbed
soil. Torque is applied bte Lhe vane through a calibrated coil spring acti-
vated by an electric motor, causing the wvane to rotate slowly until soil shear
failure occurs. The shear strength of the sample is computed from the chserved
angular displacement of the calibrated spring. The cobesive sample is some-
timas remolded and tested in the same manner as the wundisturbed sample.
Undisturbed values are shown by the solid symbol and remolded values by Che
open symbol in Lhe strength graph on the boring log. These values are

tabulated in the Summarcy of Test Resulbts in Ehis Appendiv.

Shear strength of cohesive samples is also estimated in the field using =

small hand-operated device known sz A Torvane. This device consists of a

metal disk with thin radial vanes projecting from ane face and a torsional

apring atteched to the other face. The disk is pressed against the flat

gurface of an undisturbed specimen until the vane is fully embedded, The disk

_ is then rotated until the soil enclosed withim the vanes is sheared from Lhe
sample. The torsional spring iz calibrabted to indicate direectly the shear

atrength nf the =nil. HAesulls of Torvane tests are plotted on the boring log

and are tsbulated in bthe Summary of Test Reaults.

Uneanfined Compression Test

In an uvnconfined compression test, a laterally unsupporbed cylindrical

soil specimen s loaded axially bto failure al a constant rate of strain.

= fuoro
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iid

Axial load is messured by a calibrated proving ring and sample defarmation
is measured by a dial gauge. Cohesive shear strength is computed as one-half
of the observed compressive strength of the specimen. Samples were bested in
. the manner described in ASTM Procedure DZ166-66. Shear strengthe determined
from the wieanfired compression tests ace plotted en Lhe bocing log and are
tabulated in the Summary of Test Results.

This test iz the simplest and quickest laboratory method commonly used to
measure the shear strength of 8 cohesive soil. This test is believed to better
represent the strength for Firm to stiff clavs more closely than results of

ministure vane tests in the same material.

Triaxial Compresalon Test

_ Unconsol idated-Undrained

I Llhls Lesl, vcosooly designaled as Lhe quick or Q" LesL, the soll
specimen is enclosed in 8 thin rubber membrane and is subjected to a confining
pressure approsimately equal to the overburden pressure at the sample depth.
The sample iz rotb allowed to consolidate under thic confining pressure.  The
specimen ig then loaded axially to failure at a constant rate af strainm
without allowing any drainage from the sample. The test procedure generally
followed iz that givem im ASTM D2850-70. Shear strengths obtained by this
procedure are plotted on the boring log and are tabulated on the Summary of
Test Results.

This test provides an alternative to the vnconfined compression test for
very soft to soft soils that will not form an unsupported cylinder in the
unconfinod teot. Tho opplication of labteral pressure together with enclosure
in 8 rubber membrane supports the aoil specimen. Results of the test provide
additional data for evaluabion of shear strengbh end strain data for lateral

s0il resistance=pile deflectinn {p=y} rorvea.

- Fucro
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Consolidated-Drained

This triexial test, designated as the slow or "5" test, is normally per-

= formed on reconstituted samples of cohesionless strata. The soil specimen is
placed in a rubber membrane and consolidated st an appropriate confining
pressure; sample drainage or volume change is permitted under this ambient
pressure.  Axlal 1oading 1is tnen applied 8t @ surriciently slow constant
strain rale to permit sample drainmage during the shearing phase. For two aor

= mare specimens subjected to diffferent values of confining pressure, a plat of

the results in accordance with the Hohr critercion of shearing Failure will

defina the sngle of friction, ¢ , or strength increase with pressure, and co-

hesive shear strength , c, at zero confining pressure.

HultiEle-EthE
Multiple-stage triaxial tests are normally performed by the consolidated-
undrained or consolidated-drained procedurs on reconstituted samples of cohe-
wivnless soil. In this test, the soil specimen is placed in a rubber membrane
and the single specimen subjected Lo three different walues aof confining
pressure, Generelly, confining pressures correspond to one=half, one, and one
and one holf the computed overburden preasure.  Axial loading is then applied
to a point of incipient failure and then reduced Lo #@ro prior to an increase
in econfining pressure. The increase in strength as a function of confining
£ pressure, ¢, or angle of shear and the ecahesive shear strength, o, at zero
confining pressure are then defined by a plot af the test results in accord-
ance with Lhe Mohr criterion of shearing failure. [he results are shown

graphically in this Appendix.

BT . P
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APPENDIX A

LABDRATORY AMD FIELD TESTS

APPENDLX ILLUSTRATIONS

Plate
Summary of Test Results..... O A=1
Siress-5train CUrvES. .o cessesssasssnsnrannss A-2 Lo A-F

- Consolidation Test Results....ccvccvuecinnees A=10 & A-11

Grain 5ize Distribution Curves...eeeievesunaas A-12
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= METHOD FOR PREDICTING PILLC EAQAEITIES

fredeterminat ion of tho ultimote axial capscity of pilea iz defined using
the static method of analysis. In this methad, the ultimate compressive capa-
city, 0, for a given penetration is taken as the sum of the skin frictional
raparity, A, and the end bearing capscity, ﬂp. s0 that

ﬂ:ﬂﬁi[ﬂpuﬂ\srl}ﬁp

where HE and AP represent, respectively, the embedded pile surface area
and the pile tip area; f and q represent, respectively, the unit skin friction
e and the unit end bearing. When computing ultimate tensile capacity, the

second term of thia oguotion is meglected.

Cohegive Soile

= AFL RP 2A, 1982 Method. According ko the AP RF 24, '1?!!.2{\‘:I recommendea-

tions, the unit skin friction, f, and thersfore the Frictional capacity, us‘
of a pile driven in clay at sny particular depth is related to the undraines
shear strength, Su, of the clay.
fhe unit Skin friction, T, may be equal to wr less Lhan, but not greater
- than Su, the undrained shear sirength of the clay. In particular, for highly
plastic clays such as those found in the Gulf of Mexice, f may be equal to Su
for underconsolidated end normally consolidabed clays. For overconsolidated
clay, f shall not exceed 1/2 ton per square foot For shallow penetrations or
the eguivalent cohesion For a normally consolidated clay for desper penetra-

£ tions, whichever is greater.

{1} *Planning, Designing and Constructing Fixed Dffshore Platforms", A

_ Hopammerded Perant ica b':r- frmrrean Petenlaom II'IFI"IE:I“II", LPY RP ?ﬁ, J'anu::ll‘y..
1982,

funan
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il
= Unit end Leacing in clay ia eatimoted uaing the oxpression:

= 1
1 EuNc

where: Su

undrained cohesive shear strength
N = a dimensionless bearing capacity factor
® (N = 9 for deep Footings).
Granular Sails
The frictiemal espacity contpibution developed in granular soils is

determined using the following equation:

F:KEyLanﬁ

whero: K = coefficient of lstersl earth pressure

9, = effeckive vertical stress

& = angle of friction between foundation
goil and steel pile,

The value of K iz taken as 0.7 for compressive loads and 0.5 for tensil loads.
Effective vertical stress is computed from the submerged unit welght values.
Unit end bearimg, n, for piles installed in granular soils is computed

using the following equation:

q = rr'.lhlq

where: o

1]

effective vertical stress amd

= N_ = a8 dimensionless bearing capacity f_'actnr wh ich
8 is a Function of ¥, the angle of internal
Friction of the ankl

fusro

S0l max
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’ (2]
The computed values of F and g are not allowed Lo exceed certain values

given in the table below:

TmEi:!: N U
Soil Type 4 5 Lheaf]) “E Llesf)

N Clean Sand 35° 30° 2.6 4D 200
Silty Sang " 23" 1.7 20 100

Sandy Silt 25" 0 1.4 12 &0

- Silt n® 15° 1.0 B 40

(2] "Planning, Designing and Construeting Fised Uffshoce Platfarms™, A Rec-
ommended Practice by Americen Petroleum Institute, APD RP 24, Drotober,
1969,

“funen
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CEOTECHNICAL INVESTICATION
BORING 1, BLOCK 27
SOUTH TIMBALIER AREA
GULF OF MEXICO

Report
to

Tenneco 01l Exploration and Production
Lafavette, Louisiana

by

MeCLELLAND ENGIMNEEHTRS, I NC. |
Geotechnical Consultants
Houston, Texas

October 1982

1 — MECLELLAND ENGINEERS :
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McCleliand engineers, inc. | geotechnical consultants
5700 HILLCROFT / HROUSTON, TEXAS 77081
TEL 713 7 772.3701 / TELEX 78J-147

Report No. 0182-D645
October 22, 1982

Tenneco 0il Exploration and Production
Eastern Gulf Division

P. 0. Box 39300

Lafayette, LA 70503

Attention: Mr. Dan Tennison

Geotechnical Investigation
Boring 1. Block 27
South Timbalier Area
Gulf of Mexico

McClelland Engineers, Inc., is pleased to submit this report on our
geotechnical investigation conducted in the above offshore block. This study
was authorized by Mr. H. C. Melancom in a letter dated September 13, 1982.

Advance final design information consisting of 1) ultimate pile capacitv
curvaes for 48-in.-diameter pipe piles and 2) lateral soil resistance-pile
deflection (p-y) data for 48-in.-diameter pipe piles was sent to vou on
October 7, 1982. This information is included here together with all field
and laboratorv data.

We appreciate the opportunity to be of service to vou on this proiect.
Please call when we can be of further assistance.

Sincerelwy,

McCLELLAND ENGINEERS, INC.

e S
P AN
Donald W. Armour, Jr.
Ceotgchnica! Engineer
T : .

s —_ 5

2 s n b e J—

John P. Workman, P.E.
Engineer Manager

DWA/JPW/vis
Copies Submitted: (&)

soil.max
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CTMMARY

MeClelland Engineers, Inesy conducted a geotechnical luvestigation in
Block 27 of the South Timbalier Area, Gulf of Mexico. The purpose of our
investigation was to obtain data to develop foundation design recommenda-
tions for an offshore jacket structure. A soil boring was drilled to
306.0-ft penetration below the seafleor in a water depth of 56 ft. Field and
laboratory tests were conducted to determine the pertinent index and
engineering properties of the soils encountered. Engineering analyses were
performed to develop axial and lateral pile design data and pile iastallation
recommendations.

The soils at the boring location consist primarilv of soft to verv stiff
clav. Medium dense silty sand and sandy silt is present from 17 to &40-%t
penetration and a stratum of very dense fine to medium sand is present below
260-ft penetration. Details of the soil stratigraphv are presented on the
boring log.

This report presents pile design data for 48-in.-diameter drivenm pipe
piles. Ultimate pile capacity curves were developed following the API RP 24
(January 1982) Method. Pile penetrations should be selected to provide
factors of safety of at least 2.0 with respeet to normal operating loads and
at least 1.5 with respect to maximum design storm loads. Soil
resistance—-pile deflection (p-v) data for performing lateral load analvses
were developed using the procedures recommended in APT RP 24 (January 1982)
for cyclic loading conditions.

Ultimate seafleor bearing capacity, 9y in kips per sq ft mav be computed
using the following equation:

T (1.8 + 0.024B)(1 + 0.2B/L)

where B and L are the width and length of the bearing area in ft, respectivelwv.

We recommend a factor of safetv of at least 1.5 be used for the design of mud
mats and horizontal bracing members.

A brief discussion is presented on pile installation, including comments
on supplementary pile installation techniques. Pile drivability ean be
investigated bv wave equation analvses when design penetrations and tentative
hammer and wall-thickness schedules are determined.

= MCCLELLAND EMGINEERS
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INTRODUCTION

Purpnea and Srona

McClelland Engineers, Inc., conducted a geotechnical investigation to
develap information on soil and Ffoundation conditions at a site in Bloek 27
of the South Timbalier Area in the Gulf of Mexico. The purpose of our study
was to develop foundation design recommendations for an offshore jacket
structure. To accomplish our purpose the following tasks were performed:

(1Y 4 soil boring was drilled te 306.0=-ft penetration below the
seafloor to explore the subsurface stratigraphv and obtain soil samples for
testing;

(2} TField and laboratory tests were conducted to evaluate the pertinent
index and engineering properties; and

(3) Engineering analyses were performed to develop pile design para-

meters and installation considerations for an offshore jacket structure.

Report Format

The initial sections of this report contain brief deseriptions of the
field and laboratory phases of our studv. A general soils description is
then presented followed bv a discussion of axial and lateral pile design and
rlatform jacket support. A section on pile installation concludes the text
of this report. Detailed disecussions of the field and laboratory investi-

gations and axial pile design are presented in the appendices.

FIELD AND LABORATORY INVESTIGATIONS

Exploratory Boring
S0il conditions at the site were explored by a soil boring drilled to
306.0-ft penetration below the seafloor. Our field investigation was ac-

complished using our drilling vessel the M/V "R. L. Perkins" which was moored

st MeCLELLAND ENGIMEERS — —
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te the ssuth side of Tenneco's Plarform “E™. The approximate coordinates of i
our boring are x = 2,362,000 and v = 118,110. A water depth of 56 £t was '
measured at 2100 hours on September 17, 1987, using a weighted wire line.
The sampling depths were not corrected for tidal variation since the

variation in in the Gulf of Mexico is generally less than 1 ft.

Field and Laboratory Tests

After the samples were recovered from the boring, we tested a limited
number in the field with a miniature vane and Torvane. All of the samples
were shipped to our Houston laboratory where Atterberg limits, water content
tests, and grain size analyses were performed to confirm the field classi=
fications. We also conducted miniature vane and unconsolidated-undrained
triaxial compression tests to determine the shear strength of the cohesive
soils.

A detailed deseription of our field and laboratory procedures is
presented in Appendix A. The time summary of field operations is presented
on Plate A-1. The Summary of Test Results, tvpe and number of tests, grain

size analyses, and stress-strain curves are shown on Plates A-2 through A-6.

GENERAL SOIL CONDITIONS

Soil Stratigraphy

A generalized summary of the major soil strata at this site based on the

boring log presented on Plates | and ? is given in the following tabulation:

Penetration, ft

Stratum From To Description
I 0 17 Soft to firm elav
I 13 40 Medium dense silty sand
and sandy silt
III 40 260 Firm to very stiff clav
v 260 306+ Verv dense fine to

medium sand

Detailed soil descriptions that include textural variations and inclusions

within each stratum are noted on the boring log.
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| Interpreratinn of Seil Drspassies !

|| results as plotted on Plates 1 and 2. These profiles were used to develop

pile foundation design and installation recommendations.

|La

The shear strength and submerged unit weight profiles shown on Plates 3 I

|| and 4, respactivaly, represent vur incerprecation ot the assembled test I

In developing the shear strength profile for the cohesive soils,

|| undrained shear strength test results from miniature vane and unconsoli=

" dated-undrained triaxial compression tests were analvzed. The shear strength

profile considered to hest represent the shear strength at the sita is shown

| on Plate 3.

from

this

I Consideration of possible stratigraphic changes, faulting, or other

Strength parameters for granular soils were selected based on their
gradation and density as r=vealed hv grain size analvsis and driving
resistance during percussion sampling. The submerged unit weight profile

shown on Plate 4 was developed from measured values for cohesive soils and i

assumed values based on correlations of unit weight with gradation and

| relative density of granular soils.
I
|

Subsequent recommendations for pile design and installation contained in

report were developed assuming that soil conditions as revealed bv the

boring are continuous throughout the general area of the horing location.

| differences in soil conditions that might influence foundation design was

bevond the scope of this investigation.

AXTAL PILE ANALYSIS

Method of Analvsis il

and

the

are neglected in the computations. When computing ultimate temsile capacity ||

The ultimate axial capacity of piles was computed using the staric method
of analysis. 1In this method the ultimate com ressive capacity of a pile, for
[ k P

a given penetration is taken as the sum of the skin friction on the pile wall

the end bearing on the pile tip. The weight of the pile and soil plug

end bearing component is also neglected.
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| &

| and

Methed.

i Uleimate Plle Capacicy Gurves il

The
&

48~in.~diameter open-end pipe piles driven to various penetrations at the
boring

i Metheod

method

We

safetw

unit skin friction and unit end bearing values plotted on Plates 5
weie used ro compute pile capacity by the API RP 24 (January 1982)

The ultimate compressive and tensile capacities were computed for

location. Ultimate pile capacity curves computed by the API RP 24
are presented on Plate 7. A discussion of our application of this I
is presented in Appendix B. .
recommend that pile penetratioms he selected to provide factors of

of at least 2.0 with respect to normal operating loads and at least

{ 1.5 with respect to maximum storm loads.

| seil

will

Assuming that a computer solution based on the difference equation method |

LATERAL PILE DESIGN ANALYSIS

be emploved in lateral load analyses, input information te reflect the

resistance-pile deflserion {p-v) characteristics of the soils at the

|l boring location was developed for individual 48-in.-diameter pipe piles. The

Py

by Matlock (1970) and Reese, et al (1974) and outlined in APT RP 24 { January

se1l

data were developed to 100-ft penetration using the procedures proposed

Due

o ————————————— MCCLELLAND ENGINEERS =

1982) for seft elav and sand, respectively, subjected to cyclic loading. The
stratigraphy and parameters used in developing the p-v data are
presented on Plate 8. The p-v dara generated for individual 4B-in.-diamerer

pipe piles are presented on Plats 9.

PLATFORM JACKET SUPPORT

to the presence of soft to Firm clay from the seafloor to 17-ft

penetration, we expect nominal 5 to 10-ft iacket leg extensions te penetrate |
fully at the boring location. Mud mats may be required to prevent excessive
penetration of the platform jacket below the seafloor. In addition to the J
mud mats, the lowest horizomtal bracing members bearing on the seafloor may

provide support for the jacket structure. The ultimate bearing pressure for
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jun

bracing member and for design of mud mats should be determined using the

following equation:

a, ] (1.8 + 0.024B)(1 + 0.2B/L)

where q, . ultimate bearing pressure, ksf
= diameter of tubular member or width of mud mat, ft
- length of tubular member or mud mat, ft

For horizontal tubular members, B will be equal to the member width at the
soil surface or the member diameter if the member penetrates one radius or
more. For triangular shaped mud mats,; B should be taken as the least
altitude and L should be takem as the longest side.

The above equation for ultimate bearing capacitv includes the effects of
the size and shape of the foundation element bearing on the seafloor in
addition to the influence of increasing soil shear strength with depth. The
equation does not include the effects of any significant vertical platform
velocities at the time of placement. .4 safetv factor of at least 1.5 should

be applied to the ultimate bearing capacity obtained from the above equation.

PILE INSTALLATION CONSIDERATIONS

Supplementary Procedures

The most economical pile installation procedure is by driving alone
without resorting to supplemental procedures. The computed ultimate capacitv
of driven pipe piles presented on Plate 7 is based on the assumprion that the
piles will be driven to the desired penetration without supplemental drilling
or jetting. However, unfavorable soil conditions and driving equipment
problems can prevent piles from being driven to the desired penetrations.
Such oproblems as clav set-up during delavs in driving or the inability to
drive through dense sand strata can prevent the desired pile penetration from
being achieved. When techniques other than driving are used ro aid pile
installation, conditions assumed in computations based on driving alone mav
not be met, and computed capacities must frequently be adjusted to fit actual
installation conditions. Supplementary pile installation procedures that mav

be used under various circumstances, including the possible effects that the
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procedures may have on pile capacity, have been presented by Sullivan and

Ehlers (1972). Application of these or other procedures to aid ordinary

|| driving requires field Adsciciome that teke intu avvount many factors bevond
the scope of our report. We recommend that supplementary procedures be
chosen and applied under close engineering supervision, considering not only li

construction expendiency, but alse design adequacy.

Drivability Analysis

i Pile drivability ean be investigated when pile design penetration and a
| tentative wall-thickness schedule and hammer size are known. A pile driva=-
bility studv consists of three parts. First, the resistance to driving is
estimated from soil Properties at the site. Second, the driving resistance
|| that can be overcome by a particular hammer-pile-soil svstem is computed from
8 wave equation analysis. Third, these results are compared and an assess-—
ment of pile drivability is made taking into consideration judgment and past I
experience.

The driving records cof piles at a particular site often show consider—
able scatter because of variation in soil conditions, hammer per formance, and

cushion properties. Additional factors affecting drivability are setup time

during interruptions in driving and plug behavior. For these reasons, driva=-
bility studies should be used to predict a range in blow counts. Effects on
| drivability due fo variatione of hammer efficiency, cushion properties,

minimum wall thickness, percent tip resistance, soil quake, and soil damping

! parameters may be investipated using the wave equation computer program. We

| have rhe «capabilitv to evaluate drivability and are prepared to begin our

| analysis at vour request.
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Interpreted Shear Strength, Kips Per Sq Ft
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Friction. Kips Per Sg Ft
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Unit End Bearing: Kips Per Sq Ft
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Ultimate Pile Capacity. Kips
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Seuﬂoor‘“\\\ ~o ’,»Penehuﬁon

T 0
Soft to Firm Clay €gq = 0.01
% 17" = 204"
Medium Dense Silty 5
k = 1.4 x 107 pef

Sand and Sandy Silt

l 40" = 480"

| ;

Firm to Very Stiff Clay €50 = G.01

v O
Notes:
l. Eéu'is axial stain at half of peak deviator stress for clays.

2. Ls constant of horizontal subgrade reaction for sands and clavs.
5l Unqra%ned shear strenght values for clays, angle of internal '
friction for sands and submerged unit weights for clavs and
sands are shown on "Interpretation of Data", Plate.
STRATIGRAPHY AND PARAMETERS FOR P-Y DATA
Boring 1, Block 27
South Timbalier Area
A PLATE *
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COORDINATES PENETRATION, INCHES
OF GURVE

POINTS

Q. 48, Fha 144, 204, 205, 52, 300, 340 . 420,
e 1) 0.00 0,00 0.00 0.00 0.00 0.00 0,00 0.00 AR i
Fe a2 'R U U 0s 0. 0. 0. 0. 0, il
Ye 2) 0.03 0.03 0.03 0,03 0.03 0.07 0.07 0.07 0,07 0.07
PL 2} 53. as. 122, 164, 223, 242, 414, 581, 828, 1118,
Ye 3 0,08 0.06 0.06 0.06 0.08 0.13 0.13 0.13 0,13 0.13
Fe 3 dd . 107, 154, 207. 281. 371. 577 H10, 1155 155%.
YO 4) 0,12 0,12 0.12 0.12 0.12 0.20 0.20 0.20 0.20 9.20
P 4) B84, 1335, 194, 241, 354, A55. 701, FEA 1403, IB94.
Yo 5) 0,34 .24 0.2a 6.24 0.04 s A
P{ 5) 105. 171 245 329, 444,
Yo &) .48 .48 .48 0. 4H (.48 .33 LI
PC &) 133, 215. 309, a14. naz, 567, 4
Yo 7 0,94 0.94 - 0.94
F¢ 73 L67 A7l 501, 7ou
Yi( 8) 1.20 1.20 1.20 1.20 Gaaz o.a7 0.47
Fe 8) 180, 252, 419, 562, 695, 1053, 1478,
Y 9) 1.5 1.50 1.50 1,50 ©.53 0.53 0.53
FC 9) 314, 451, &05. 821, 743. 1123, 1574,
Yii0) 1.80 1.80 1.80 1.80 1.80 0. &0 0.60 0460
F10) 204 334. 479, 443, a73. 7HE. 11HB. Ldbil,
Y11 2.10 2.10 2,10 2,190 2,10 J.e7 Ny Vs’ e
Fe11) o 351, 505, &77 . P19, H31. 1249, 1754, 5
Y12 2,40 2.40 2,40 2.40 2. 40 9.73 0.73 a
P12y 227 . 3467, A6, FO6 . P4l a7z, 1308, I%3
LARED ERLiT¢ 3.00 3.00 Jeon Q.80 0. A0 80 L HO
F(13) 244, 396, Sa8. 1035, P11, 1244, L,
Ti14) =R ET-1v) Faal Feai EE-T) 1413 1413 L. 1,13
Fe14) 240, a421. 504, B10O, 1106, 111, 16348, 5. dary,
Ti1S) 2La0 -Ta} R.a0 LRY-14) 1.47 1.47 | 4% -4 tog
Fi15) L 270, a9, 599, 1091, oo, DaB1. 8. At
Ti1é) L8, 00 18.00 18,00 1B.00 18,00 - 1] .80 1. 430 it}
Feis) [ A0 159, 303, I53. 14861 . 2182, A%AT
Y{17) 24,00 24,00 24,00 24.00 24,00 48,00  4H.00 EEEPRTI
F(17) [T & 15¢%. 303, 553, 1481 . : ] i

MHoles |
1 ¥" is dellection n inches. [Continued an Plate 9b)
2 "P¥ iz sod resistance in pounds per inch.
P-Y DATA
48-in.-Diameter Pipe Pile
Boring 1, Block 27
South Timbalier Area

£
-
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COORDINATES PENETRATION, INCHES
NOF C1IAVE

PQINTS

480, 481 . F20. B40. 1200.
¥i 1) oL 00 0.00 0.00 0.00 0.00
Ft 17 U U U U Q.
i 20 Q.07 0.03 .03 Q.03 0.03
Pt 23 1449, 351, 411, 442, S532.
Yo 3 0,13 0.06 Q.06 0.06 0.06
P 3 3021, 442, 518, 556 a71.
Yo 4) 0,17 0,12 Q.12
PC 4) 557% 701 845,
¥{ S) 0.24 0424 0.24
P( 5) 02, BERE . LOAS .
ri &) 0,33 .4l Q.44 04k a4
L% 313H. 8HY . 1057, 1113, 1342,
Yi 7 1,40 Q.94 0.94 0.9
Pt 7} rane, 1115, LE0a, ranz,
Yo 83 0,47 1.20 1.20 130 1.20
F( 8) F6EH. 1201, 1407 . 1511, 1821.
Yi 9) .53 1.580 1.50 1.50 1.50
Pt 9 3912, 1294, 1514, 1427, 1942,
Y10 360 L. B0 1.80 1.80 1.80
Fi{10) 416l . 1375, 1411, 1229, 208%5.
Y11 Qa7 Tl .10 20
Fe11) 3377 1447, 1676 . 2194,
¥i12) 240 .40 2,40 Za4ad
P12y 1513. 1773, 1903, 2064,
Y13 T80 3.00 J.00 .00 3,00
Pt13) ariz, 14630, 1210, M50, 2471,
Ti142 1e13 Faan 3es0 3,60 S0
Fe14) 8730, 1732, 2029, 179, 244,
Yi15) 1,47 7. a0 @, a0 .40 B 40
Fe1S) dhErE 1732, 2009. 2179, Daltd.
Yi(14) L. HO 18,00 18,00 18.00 18.00
Fi{la) FE43, 1732, 2029, 3179, 2626
Y173 AR L O0 24,00 24,00 24,00 24,00
P{17) Fmal. 1732, 2009, 2179. Zals.,

Notes
1 Y"1 deflection in inches.
(Continued from P = 9,
2 "P* 13 soil resstance in pounds per inch w RlaLe 2a)
P-Y DATA
48-in.-Diameter Pipe Pile
Boring 1, Block 27
South Timbalier Area
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FLIELD AND LABORATORY INVESTIGATIONS
CONTENTS
Fage
Field Investigation. . . . « + « « &« &« . B OE R BN i SRS 6 Y T |
Field and Laboratory TeSts « +« s o o o &« s + & 4 T ONNEYE @ B W O A-1
Classification TesSts « « « « « o« o « o @ e R dE e S owoEoE A-1
Strength TesSts . . .+ + + + v & & & = = = + = + 2 + = « & = + A=2
I
i;
ILLUOSTRATIONS
Plate
Summary of Field Operations. . . « & & + & & & & o & & = &+ + = & = a-1
Summary of Field and Laboratory Tests. . . « « + & & « & + o & + A=2
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FIELD AND LABORATORY INVESTIGATIONS

Field Investigation

Soil information included in this report was obtained by a boring drilled
with a Failing 2000 rotary drilling rig mounted over a center-well installed
through the hull of our drilling vessel, M/V "R. L. Perkins." Personnel for
carrying out drilling and sampling operations included a geotechnical
engineer, two soil technicians, two drillers, and four drillers’ helpers. A
brief chronological summary of the field operations is presented on Plate
A-l.

Drilling and sampling were accomplished by rotary drilling procedures
using 3-1/2-in.-IF drill pipe. The drilling was performed using a drag bit
attached to the drill pipe. 8Salt water gel and barite weight materials were
used to suspend and remove drill cuttings and to provide lateral pressure to
support the sides of the borehole.

4 2.25-in.-0D, 2.125-in.-ID thin-walled tube sampler was used to sample
soils at regular intervals to the final penetration. The sampler was driven
into the soil with a 175-1b sliding weight dropped about 5 fr to secure the
desired penetration. Soil samples were obtained at about 3-ft interwvals to
40-ft penetration and at about 10-ft intervals thereafter.

Each sample was extruded from the sampler in the field and then was
carefully examined and classified by our field engineer or soil technician.
Representative portions of each sample recovered were appropriately packaged

for shipment ko our laboratery in Houston.

Field and Laboratory Tests

Plate A-3 presents a summary of the laboratory tests performed. A
summary of laboratorv test results is presented on Plate A-2. The test
procedures, which are in general accordance with ASTM, Part 19 (1982), are
described in the following paragraphs.

Classification Tests. Plastic and liquid limits, collectively termed

Atterberg limits and water content were determined for selected cohesive

mples to provide information for soil classification. ater content an
sampl to p d f t f 1 el f t Wat tent d
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A=2

densicy decerminacrions were made for soll compression test specimens. Aall of
the above data are tabulated on the Summary of Test Results and are also

plotted on the boring log.

Grain size analyses performed on granular soil samples included sieve

analysis and the percent material passing the Mo. 200 sieve. The percentage i
of material passing the No. 200 sieve was detzrmined as a routine part of the
sieve analyses and for additional selected samples. Grain size curves are I
presented in the illustrations that follow this appendix.

Strength Tests. The undrained shear strength of cohesive samples were
| obtained from Torvane, miniature vane, and unconsolidated-undrained triaxial
compression tests. The results are tabulated on the Summarv of Test Results
| and are plotted on the boring log.

The Torvane is a small hand-operated device consisting of a metal disc

with thin, radial wvanes projecting from one face. The disc is pressed

against a flat surface of the soil until the vanes are fully embedded, and

rotated through a torsion spring until the soil is sheared. The device is ﬁ
i calibrated to indicate shear strength of the seil direetly from the rotarion
. of the torsion spring. |
| The miniature vane test is used to determine the undrained shear stremgth
of cohesive soils. 1In this test, a small 4-bladed vane is inserted into an
undisturbed cohesive specimen. Torque is applied to the vane through a

calibrated spring until soil shear failure occurs. The undrained shear

strength is determined by multiplying the rotatiom, in degrees, by the spring

constant. |
In the unconsolidated~undrained triaxial compression test a soil specimen

is enclosed in a thin rubber membrane and subjected to a confining pressure |

at least equal to the computed effective overburden pressure. The specimen

is then loaded axially to failure at a nearly comstant rate of strain without

allowing drainage. The undrained shear strength of cohesive soils is

computed as one half the maximum observed deviator stress. BSelected stress-

strain curves are presented on plates that accompany this appendix. i
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Time
Date From To Description of Activity
September 16, 1082 ———— 1248 M/V "R,L. Perkins" departs
previous client's loecation
1245 1930 Traveling to Bloeck 27, Socuth
Tlwbalicr Areca
1930 2045 Setting anchors
2045 2400 Drilling and sampling
September 17, 1082 0000 1215 Drilling and sampling, Boring 1
completed at 305-ft penetration,
used 135 bags of saltwater gel
material and 212 bags of weight
material
1215 1300 Pulling anchors
1300 —_— MV YR.L. Peritins” depsvng Ior

next client's lccation

SUMMARY OF FIELD OPERATIONS
Boring 1, Block 27
South Timbalier Area

e
=a

a0
-

PLATE 141
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SUMMARY OF TEST RESULTS
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Type of Test Numher nf Tests

CLASSIFICATION TESTS

Plastic and Liquid Limits 8
Sieve analysis through #200 sieve 2
Percent Passing a single sieve (#200) 5
STRENCTH TESTS
Torvane 27
Miniature Vane
Undisturbed 25
Remolded 4
Unconsolidated-Undrained
Triaxial Compression
Undisturbed 10
Remolded 3
Stress-=5train Curves 6

NUMBER OF FIELD AND LABORATORY TESTS
Boring 1, Block 27
South Timbalier Area
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=== —— McCLELLAND ENGINEERS

AXTAL PILE DESIGN

Method of Analysis

The static method of computing axial pile capacity was used to estimate
the ultimate compressive and tensile capacities of pipe piles installed to
various penetrations. 1In this method, the ultimate capacity, 0, for a given
penetration is taken as the sum of the skin friction on the pile wall, 05,
and the end bearing on the pile tip, Qp, so that:

) Os4np = fA5+qu
where &S and Ap represent, respectively, the embedded surface area and pile
end area; f and q represent, respectively, the unit skin friction and unit
end bearing. When computing ultimate tensile capacity, the end bearing
component in the equation is neglected. Procedures o compute values of f

and q are discussed in the following paragraphs.

Unit Skin Friction

Granular Soils. Computation of unit skin friction for pipe piles em-
bedded in granular soils was in general accordance with API RP 24, Sec.

2.6.4c, and was based on the equation:

f = K g tan §

h'
where K = coefficient of lateral earth pressure
EV = effective overburden pressure
5 = angle of friction between soil and pile

Values of K were taken as 0.7 and 0.5 for compressive and tensile loads, re-
spectively. A limiting unit friction was applied to granular soils occurring
at significant depths. Values of limiting unit friction were selected from
the angle of internal friction of the soil, and were in general agreement
with the limiting values presented by McClelland (1974).

Cohesive Soils. For cohesive soils, unit skin friction was computed in
accordance with API RP 24, Sec. 2.27, Para. b.l, 1In this method, the unit

skin friction may be equal to or less than the undrained shear strength of
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[

the clay, bur may not exceed 1.0 kip per sq ft for shallow penetrations or
the wundrained shear strength equivalent to a normally conselidated clay for

deeper penetrations, whishaver is greater.

Unit End Bearing

Gramular Soils. Unit end bearing in granular soils was computed using

the following equation:

=7 w
q i

where 7, = effective overburden pressure

N' = dimensionless bearing capacitv factor that is a function of
$,the angle of internal friction of the spoil

A limiting value of unit end bearing was applied to granular soils occurring
at significant depths. Values of limiting unit end bearing were selactad
from the angle of internal friction of the soil, and were in general agree-
ment with the limiting values presented by McClelland (1974).

Cohesive Soils. Unit end bearing of piles in clay was computed bv the

following equation:

q = 95

u

where = = undrained shear stremgth

For open-end pipe piles in elay and sand, the end bearing was assumed to
be limited by the frictional resistance available from the soil plug inside

the pile.
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Annex K

Correction of Charge to Pile Placements during ST21 #97 (Notes from Mr Tommy
Broussard, MMS New Orleans Office)

+

—Comparison of In-Situ Measurements from South Timbalier Block 21,
Structure #97 with Peak Overpressure / Impulse / Energy Flux Density Results

from ARA calculator and Conner Study similitudes equations (Calculations
performed by Mr Tommy Broussard, MMS New Orleans Office)
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Note on Charge to Pile Placements during ST21 #97 severance (& reshoot).

Below is what is currently represented in all of the report tables (/ used Peak
Overpressure as an example).

Peak Overpressure (psi) BOAZ DB
Slant Range | Pile 1 |Slant Range| Pile 2 |Slant Range| Pile 3
Transducer Pile 1 (4.61b-A) Pile 2 (50Ib-B) Pile 3 (50Ib-C)
{ft) Measure (ft) Measure (ft) Measure
A 40.3 139.2 75.4 1379 75.4 2441
B 46.0 140.3 78.7 167.1 8.7 281.6
c 53.1 78.8 83.0 98.2 83.0 279.0
D 60.6 86.7 96.4 90.9 96.4 192.5
F 69.7 74.4 102.4 134.2 102.4 211.6
G 89.3 45.5 125.2 64.1 125.2 151.4
H 921 93.2 127.2 82.7 127.2 137.7 Capt.
| a5.8 119.0 129.9 118.8 1299 83.3 WAB Jr.
L 2147 10.1 2499 26.8 2499 41.2

I've noticed for a while that the Charge C measurements were almost twice as high as
the same size charge the same distance away, but | thought that it may be due to
pilefjacket deterioration. However, when working with my photo's here recently, | notice
that pictures of the Reshoot on Structure 97 (for the failed 4.6lb LSC) indicated that
the charge would have been in Pile 3 and not Pile 1 (see next page).

i BOAZ DB
Peak Overpressure (psi)
SlantRange | Pile1 |Slant Range| Pile2 |SlantRange| Pile 3
Transducer|  Pile 1 (501b-C) Pile2 | (50lb-B) | Pile3 | (4.61b-A)
(ft) Measure (ft) Measure {ft) Measure
A 40.3 244.1 754 137.9 75.4 139.2
B 46.0 281.6 a7 167.1 78.7 140.3
G 53.1 279.0 83.0 98.2 83.0 78.8
D 60.6 192.5 96.4 90.9 96.4 B86.7
F 69.7 211.6 102.4 134.2 102.4 T4.4
G 89.3 151.4 125.2 64.1 125.2 45.5
H 921 137.7 127.2 82.7 127.2 93.2 Capt.
| 95.8 83.3 1299 | 118.8 | 1299 | 119.0 HREa:
L 214.7 41.2 2499 26.8 2499 10.1

Though | may be a ‘day late and dollar short’ for having that section of the Report

modified; | at least thought that | would raise it to everyone's attention, and if folks
(Janda, Kirklewski, Poe, Leedy) are in agreement, would use this approach for my
Conner equation comparisons.
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